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There is a growing awareness of both the need to improve STEM education at 
the undergraduate level and the opportunities for doing so. The importance 
of achieving improved educational results in STEM is recognized across the 
political spectrum as an important element in preserving a vibrant competitive 
economy. It is also increasingly seen as important for a democracy faced with 
numerous major decisions involving technical issues, such as addressing climate 
change and energy sources, novel medical care, and genetically modified foods. 
This “gathering storm” of factors that were discussed in the 2007 National Re-
search Council report as threatening America’s long-term competitiveness and 
security is now leading to increasingly strong winds of change blowing through 
higher education. What was missing from that 2007 call to action, however, 
was the recognition of a large body of research on the teaching and learning 
of undergraduate STEM, a body of research showing that there exist far more 
effective ways to teach than the widely used traditional lecture. That research 
indicates that the 2000-year-old format of a professor standing in front of a 
large group of students and dispensing knowledge in the form of a lecture is not 
very effective. It dispenses knowledge, but neither knowledge that sticks nor 
wisdom—the wisdom to know when, where and how to apply that knowledge 
to make decisions and new discoveries, or solve real-world problems.
These research results have put STEM education in somewhat the same sit-
uation that medicine was in 150 years ago. The conventional treatments, such as 
bloodletting, had their origins in superstition and tradition and had been in use 
for many centuries. Their effectiveness was “proven” by after-the-fact confirma-
tion, based on the fact that some patients who received such treatments sur-
vived. While such tradition was still the basis of treatment at that time, scientific 
advances revealed a new understanding of disease, with corresponding indi-
cations of more effective treatments, and a growing sense of a more scientific 
approach for evaluating the effectiveness of treatment. While many questions 
remained, it was clear to the researchers that there were more effective methods 
of treatment and an entirely new type of expertise that doctors should have, if 
they were to be effective. We now exist in an era where institutions are practic-
ing pedagogy based primarily on tradition, with well-meaning faculty that are 
largely unaware of the dramatic advances that have been made in the past few 
decades in understanding the learning of STEM and best practices for teaching. 
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They lack the knowledge and expertise to teach in ways that the research shows 
are highly effective. 
As described in this volume, many individuals and organizations are join-
ing this effort to transform STEM education. The collective hope is to see the 
teaching of STEM undergo a metamorphosis, transforming into an effective 
research-based expert practice, as medicine has done. However, in spite of all 
these efforts and all the potential for improvement, change is slow and far from 
certain. Changing large well-established institutions and their associated cul-
tures is a very formidable task. It took medicine many decades to change, and 
their failures died; ours usually just end up switching majors. One can argue 
that culture is what humans develop to establish stability, and hence inhibit 
change, and it is very effective at serving this goal of preserving the status quo. 
Perhaps this is truer for universities than for any other social institutions, as 
they are among the oldest and most stable.
There are many inter-connected pieces in the modern college or univer-
sity. All of them are part of this culture and must be involved at some level if 
large-scale transformation is to take place. The articles in this volume reflect the 
different players, approaches and ideas for working at multiple levels to bring 
about change. 
To successfully change a complex institution, one must develop a model 
of change that takes into account all the pieces that are relevant to the change 
being made and how those pieces connect. A number of the articles here con-
sider different change models. For smaller scale change, such a model need only 
consider a subset of these issues, but for large-scale institutional change every-
thing is relevant, every piece must be addressed, and all the elements of the 
model need to fit together—a very formidable task! With such a large, complex 
system and the individual differences across institutions, a realistic model of 
change must have considerable flexibility and adaptability built in. It is impos-
sible to know how to get everything right ahead of time. That said, it is also im-
portant to recognize that there is a high degree of similarity across institutions 
of the same type, so much of the basic foundation of the model can and must 
be the same. One is not starting from scratch with each new institution; the 
similarities are much greater than the differences. This is true within all types 
of institutions, but the similarities are particularly large when one is consider-
ing large universities with an international presence and representation in both 
the faculty and student body. Large research universities have a high degree of 
similarity across their structures and incentive systems and cultures, including 
their belief that they are each rather unique and special. They are particularly 
similar with regard to how they approach STEM education. 
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Although post-secondary institutions believe they operate quite differently 
from industry, health care, or government, and to some extent that is true, fun-
damentally they are organizations of people. Many of the studies and principles 
of organizational change done in other contexts, such as Kotter (Kotter 1996) 
and others have done in industry or health care, are rooted in basic human or-
ganizational behaviors, and so have considerable relevance. One of those find-
ings is a result that is counter-intuitive to many people: namely that it is hardest 
to make change when times are flush. It is actually much easier to transform 
an institution when resources are shrinking and times are difficult. One of the 
reasons for this is that when times are good it is extremely difficult to con-
vince people that there is a problem, and that they should change what they 
are doing in order to fix that problem. Another general finding about organiza-
tional change is that, whenever change is proposed, people in every organiza-
tion respond by arguing that, “The change might be good but we cannot afford 
it.” Usually this is quickly followed by, “And if we could, we are all so busy we do 
not have the time.” I hear these same arguments from institutions of all types 
and all levels of resources. I also see some faculty from across all these different 
institutions who have found ways to make large and impactful changes in their 
teaching that benefit many students. A number of such examples are given in 
this book.
While this volume presents many enterprising ways to bring about change, 
a big issue that is discussed in some of the chapters of Section A but is not 
explicitly addressed in its own chapter, or in the case studies, is the formal in-
centive system under which instructors work. This remains the 500-pound go-
rilla standing in front of the doorway that leads to widespread improvement in 
teaching methods. And this is not just any 500-pound gorilla; it is a particularly 
muscular and unforgiving one! Although it is often claimed that one cannot tell 
faculty what to do, in fact most of them are doing exactly what they are being 
paid to do, or more precisely, what they are being held accountable for and re-
warded for doing. 
This shows up in many different ways, but most frequently in the choices 
they make about allocation of time. Invariably, in discussions about improv-
ing teaching methods, the concern is raised that the faculty are already far too 
busy and overworked to put any more time into their teaching or into learning 
to use better methods. It is important to remember that no one ever feels they 
have enough time to do everything they might like to. When someone says 
they do not have time to do something, they are not making a statement about 
how much time they have; they are making a statement about their priori-
ties. Learning to teach differently is simply not a high priority in comparison 
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with the other aspects of their job for most faculty members. And there is 
good reason for this. At every research university the incentive system mea-
sures their research output and rewards them accordingly. It penalizes a faculty 
member (or a department chair) for anything that reduces that productivity, 
which spending even a small amount of time to become a better teacher will 
necessarily do. There is great value to this system that carefully measures and 
rewards research productivity. It is responsible for the establishment of the 
remarkably beneficial social institution that is the modern research university. 
The problem is that research productivity is the only thing that is measured 
and rewarded, but universities are expected to serve the dual function of re-
search and teaching. 
To have any hope of achieving widespread change in undergraduate STEM 
teaching, an incentive system must be established that recognizes and rewards 
contributions in teaching to a meaningful degree. I doubt that a very large 
change will be needed. Teaching well is inherently rewarding and enjoyable for 
everyone, so we do not have to massively change the incentive system, only 
provide a nudge to faculty to take the time to learn better teaching methods 
and a little professional support to minimize the required time. That is one les-
son that has been learned by the Science Education Initiatives at the University 
of Colorado and the University of British Columbia that have changed the way 
large numbers of faculty teach through novel department-based incentives and 
support. One does not have to kill off the 500-pound gorilla, just provide a little 
space to slip around him. 
However, that modest change in the incentive system will never be accom-
plished without having a better way to measure teaching quality. Currently, 
the methods of measuring teaching contributions and quality are not remotely 
close to the thoroughness and effectiveness with which research productivity 
is measured. The almost universally used method for evaluating teaching is 
student evaluations. While student evaluations have their value, they are not a 
good measure of the amount of learning being produced by the teaching. They 
also provide little guidance for improvement and are sensitive to many con-
founding variables outside of the instructor’s control. In terms of supporting 
the adoption of better teaching methods, student evaluations are a clear barrier. 
Many instructors believe that changing to more active learning techniques will 
cause their student evaluations to go down. In my Science Education Initiatives, 
we have seen that more effective teaching methods do not cause evaluations to 
go down, if they are introduced in the right manner. However, the evaluations 
also do not go up after new teaching methods are introduced that produce de-
monstrably greater learning and student success. 
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To be successful in achieving large-scale improvements in teaching, future 
efforts will need to focus considerable attention on the institutional adoption 
of better measures for teaching quality, and have those measures become part 
of the formal incentive system. Without that, the many efforts described in this 
volume will always be limited in the scope they can achieve. One does not have 
to be a psychologist to recognize the futility of hoping that many people will 
choose to take time away from activities for which they are rewarded to invest 
time and effort into pursuing goals that are never measured and never rewarded. 
The Teaching Practices Inventory (Wieman, 2014) and Classroom Observa-
tion Protocol for Undergraduate Science (COPUS) (Smith et al., 2013) are new 
tools that I have worked on developing to address this problem in measuring 
teaching quality. While these are not the direct measures of learning and enthu-
siasm for learning that would be ideal as a measure of teaching quality, they are 
proxies for those measures. The cognitive psychology research and discipline-
based education research shows that they are much better proxy measures for 
those goals than are student evaluations. The widespread use of practical, fair, 
and valid measures of teaching effectiveness, such as these tools, must be part 
of any model of large-scale change if it is to be successful. 
If you are an individual or part of an institution that is considering launch-
ing or joining a transformation effort intended to improve STEM instruction, 
this volume provides both inspiration and guidance for you at many different 
levels. It contains many examples that illustrate the opportunities, successes, 
challenges, wisdom, and lessons that have been learned by the authors. These 
come from a variety of institutions and organizations and so have a variety of 
different perspectives and speak to a variety of audiences. They discuss every-
thing from models and theories of large-scale institutional change in section A, 
through a variety of examples of changes that have been carried out in Sections 
B and C. The examples in Sections B and C illustrate the issues and successes 
encountered in contexts ranging from changing multiple departments and how 
an institution operates, down to modifying individual courses and curriculum, 
and the faculty development needed to support such efforts. These examples il-
lustrate different types of both top-down and bottom-up implementations. All 
these scales of change are important, and the models of change presented in 
these sections give a necessary overall perspective on understanding how to 
best carry out such efforts. Section E focuses on the special area of metrics and 
assessment. As we move forward with change, it is essential that it be guided 
by and supported by data. The cases in the section provide examples of types 
of data that can be collected and how to collect it. Finally, the last section steps 
back and offers some broad lessons for moving forward on institutional change. 
xiv ForEWorD
This volume shows what a varied and energetic enterprise is underway in trans-
forming institutions toward more effective STEM education and foreshadows 
great progress in the years to come. It will inspire and guide the reader in join-
ing this enterprise.
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Why Now is the Time for Institution-level Thinking 
in STEM Higher Education
Gabriela C. Weaver
What is the practice that makes a difference? 
It is the notion that we can be much better than we are.
F. Hrabowski III, October, 23, 2014
On an October evening in 2014, over 100 people gathered for dinner and to 
prepare for a day and a half of thought-provoking and challenging ideas and 
questions. The event was the second conference on Transforming Institutions, 
aimed at reform in the STEM disciplines in higher education. The attendees 
were a mix of higher education leaders, STEM faculty, educational research-
ers and funding agency or educational association representatives. The shared 
objective of their work, whether recently or for many years, was to achieve an 
approach to educating STEM undergraduate students that would lead to deeper 
understanding, larger diversity, increased graduation rates and greater long-
term success for students. Like the blind men exploring an elephant (JGRC, 
2011), each participant brought an extensive understanding of some compo-
nent of the challenge at hand, and hoped that the joint dialogue at this confer-
ence would help provide a clearer description of the entire system.
There is an abundance of information about how students learn STEM con-
cepts and best practices, techniques and pedagogies that are based on this re-
search (e.g., Ambrose, 2010; Kuh, et al., 2005; Kober, 2015; Kuh, 2008; Labov, 
et al., 2009; NRC 1999, 2011, 2012; Svinicki, 2004; Weimer, 2013). Much of this 
knowledge has been supported by decades of investment from sources such 
as the Department of Education’s Fund for the Improvement of Post-Second-
ary Education (FIPSE) and the programs in the National Science Foundation’s 
Education and Human Resources (EHR) directorate. Programs like Course, 
Curriculum and Laboratory Improvement (CCLI) and Transforming Under-
graduate Education in Science (TUES) at NSF have awarded about $25 million 
per year in grants to educators to develop, implement and test innovations in 
teaching (NSF, 2015). Over the last two to three fiscal years, about half of that 
has been shifted to projects that intentionally target wider, institutional-level 
transformation, rather than individual course improvement, as many course 
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improvements have failed to result in sustained adoption and widespread dis-
semination of evidence-based educational practices.
Although many successful innovations have been funded, and much has 
been learned, the national-level metrics for success are still not where we would 
hope to see them. The recent report on undergraduate STEM education from 
the President’s Council of Advisors on Science and Technology (PCAST, 2012) 
declares that there is evidence for a decline in production of STEM graduates 
relative to a rising need in the workplace. A recent publication of the National 
Research Council, (Kober, 2015), synthesizes current research on best practices 
in STEM education into a practitioner guidebook for undergraduate teaching 
in science and engineering. But application of best practices such as these has, 
for too long, been localized to individual efforts and to a brief timeframe, after 
which the approach often disappears upon the departure or capitulation of its 
champion. 
Henderson and Dancy (2010) argue that, “the biggest barrier to improving 
undergraduate STEM education is that we lack knowledge about how to ef-
fectively spread the use of currently available and research tested instructional 
ideas and strategies.” Part of what makes the knowledge about institutionaliza-
tion so elusive is that there are many interconnected components that are acting 
simultaneously on the people involved and the instructional choices that are 
made. Ann Austin (2011) details in a white paper commissioned by the Board 
on Science Education of the National Research Council the many influences 
that impact faculty decision making about teaching (Fig. 1). 
Austin (2011) explains that each faculty member’s actions are embedded in 
multiple layered contexts, beginning with the department and discipline, then 
including the institution and external factors. Some of the influences can sup-
port faculty engagement in research-based teaching approaches, while some 
factors, sometimes even the same ones, can act as barriers, depending on how 
they are leveraged. For example, if the reward system is based primarily on re-
search, then faculty will be disincentivized to take time or creative energy away 
from that work. But if substantive recognition and compensation is attached to 
specific types of instructional attainment, and if these can be assessed in a reli-
able way, then faculty will see this as an implicit statement of the institutional 
leadership’s priorities. In fact, reward and promotion practices are concrete 
ways in which institutions inform their faculty member’s choices for how to 
allocate their efforts, regardless of what is said in mission statements or similar 
platforms (Fairweather, 2005; Fairweather & Beach, 2002). This is one example 
of the interdependence of the levers and barriers shown in Figure 1: Resources 
are dependent on institutional funding, which can be increased by placing 
greater emphasis on obtaining external research support, an effort that could 
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have a detrimental impact on the quality of the student experience, potentially 
affecting enrollments or student success rates, which in turn have negative im-
pacts on state or tuition-based resources. As a result, realizing sustainable in-
stitutional transformation must proceed from a systems approach, an assertion 
echoed by numerous scholars (e.g. Austin, 2011; Henderson, Beach & Finkel-
stein, 2010; Lemke & Sabelli, 2008; Scileppi, 1988).
The complex interrelationships of the influences on faculty teaching shown 
in Figure 1 are fundamentally all driven by human relationships and behavioral 
norms that form the culture in each department, discipline, and institution. 
The systems approach to change is thus overlaid on the need to achieve cul-
tural change, and the recognition that the goals of the higher education system, 
whether stated explicitly or as perceived by the participants and beneficiaries 
fIgure 1. Multiple influences on an individual faculty member’s approaches to 
teaching. (figure adapted, with permission, from austin [2011] and sorcinelli [2014]).
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of the educational process, are shaped by how knowledge and learning within 
a discipline are conceptualized, how structures and leadership support the edu-
cational process, and how decisions regarding priorities and actions are made. 
Maton, et al., (2008), emphasize that there are multiple dimensions of cultural 
change to attend to, including everything from the student experience to or-
ganizational behavior. The possibility of encountering resistance is high, and 
the likelihood of everyone beginning with the same viewpoints is vanishingly 
small. As a result, institutional transformation requires organizational learning 
(see Chapters A2 and A4) because “change is seen as a learning process affected 
by organizational and environmental conditions and by theories of action held 
by the organization’s members” (Kezar, 2011). 
Because the stakes are high (PCAST, 2012; National Academies, 2007), 
and the process is challenging, many of the organizations that have been prime 
movers in investigating and supporting instructional innovations, are now 
coming together to do the same for institution level scale-up and sustainability. 
The Division of Undergraduate Education at the National Science Foundation 
has become increasingly explicit about their interest in funding projects that 
will lead to wider dissemination, implementation and, especially, sustainability 
once their support ends. The American Association of Universities, which ven-
tures into teaching and learning projects only infrequently, convened an expert 
panel to develop a framework for institutional STEM transformation (AAU, 
2012; Chapter A3) that takes into account pedagogy, scaffolding/support, and 
cultural change. That framework then became the basis for their AAU STEM 
Initiative competitive proposal process that resulted in eight institutions being 
named as project sites to study the feasibility and modalities of working with 
the framework. A recently formed alliance of universities from the United State 
and Canada, the Bay View Alliance (BVA, 2015), is a consortium of research 
universities carrying out applied research on the leadership of cultural change 
for increasing the adoption of improved teaching methods at universities. And 
the Coalition for Reform of Undergraduate STEM Education (CRUSE) is a 
group of national organizations that have initiatives aimed at bringing about 
widespread implementation of evidence-based practice. Coalition members 
include the American Association for the Advancement of Science (AAAS), 
the Association of American Universities (AAU), the Association of Public and 
Land Grant Universities (APLU), Project Kaleidoscope and the Association of 
American Colleges and Universities (AAC&U), and the Board on Science Edu-
cation of the National Research Council (NRC). Leaders within these organiza-
tions work together on mutual interests, share data and approaches, monitor 
progress nationally on metrics and models for institutional change, analyze for 
gaps, encourage action on gaps, and work to attract funding to the agenda to 
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advance the adoption of evidence-based STEM practices at a wide array of col-
lege and university campuses (Fry, 2014). 
It is clear that achieving sustainable institutional transformation around 
the widespread adoption of evidence-based teaching practices is not a simple 
process, and is additionally confounded by cultural norms that have a strong, 
though often unperceived, grip on the thinking of academic communities. Ad-
ditionally, there are numerous external forces acting on educational institutions 
that further complicate the prioritizing of this type of work (as detailed in the 
following chapter). The efforts will need to involve collaboration, buy-in, pa-
tience and mutual support on the part of all the stakeholders in the community. 
Setting off on the path to transformation is one that requires the willingness 
to explore which routes lead to the greatest success, sometimes having to dou-
ble back and try a different approach, because no perfectly reliable map exists 
yet. Perhaps this is the most challenging notion of all for institutions of higher 
education. 
Those gathered in October 2014 began their engagement that evening lis-
tening to a keynote presentation at the second Transforming Institutions confer-
ence by Dr. Freeman Hrabowski III, president of the University of Maryland, 
Baltimore County (see Appendix 2). He is widely recognized as one of the most 
effective academic leaders in the country, having raised UMBC to be among 
those lauded for offering the best undergraduate education as well as world-
class research. As an academic leader who has been down the road of institu-
tional transformation, he admonished the audience that evening, reminding 
them that the principles that apply to high quality educational experiences for 
our STEM students mirror those that institutions themselves need to embrace 
as they strive for instructional excellence: 
If you’re going to talk about transformation, you have to be willing to 
take risks. You have to be willing to be wrong. .  .  . Any campus that 
makes progress understands that often we learn more from the failure 
than we do from the success. It’s when you fail and then take the time to 
understand what went wrong that you learn.
The chapters of this book derive from the presentations given at the two 
Transforming Institutions conferences, held in October 2011 and 2014 (DLRC, 
2011 and 2014). They are extended versions of the data presented by the authors 
at the conferences, in some cases with updates showing developments that took 
place after they first presented their ideas. These have been arranged in sections 
that address different considerations for institutional transformation, resulting 
in varied examples and viewpoints. Section A provides an overview of founda-
tional work on the theories and recent models for institutional transformation. 
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Sections B and C comprise a variety of examples of institutional transforma-
tion efforts in the form of case studies. These are divided into efforts that start 
out as institution-wide efforts (Section B) and those that are at the course or 
departmental levels (Section C). These case studies are meant to demonstrate 
the realities of how efforts at transformation are conceived, launched and put 
into practice. There are successes, and there are challenges. In some cases the 
results are different than expected. The case studies represent efforts at vari-
ous levels of development, some quite nascent and others mature. After the 
case studies, two sections provide focused attention in areas that are critical for 
sustaining institutional changes: faculty development (Section D) and assess-
ment (Section E). The concluding Section F provides a big picture overview of 
the nature of transformation and of threads that run through the work of the 
authors represented in this book, with the goal of leaving the reader with orga-
nizing principles for undertaking what is truly a complex and multifaceted, but 
worthwhile, undertaking.
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Transforming Undergraduate STEM Education: 
Responding to Opportunities, Needs and Pressures
Martin Storksdieck
Comparative international student assessments like the Trends in International 
Mathematics and Science Study (TIMSS) and the Program for International 
Student Assessment (PISA) have shown consistently over the last 15 to 20 years 
that U.S. secondary students perform relatively weak academically compared to 
students in other developed countries, leading to concerns that the U.S. might 
lose its economic competitiveness in the long run (IOM, NAS, NAE 2007; NRC 
2010). Moreover, the National Assessment of Educational Progress (NAEP), a 
test of students’ performance across all 50 states conducted by the U.S. Depart-
ment of Education’s National Center for Education Statistics regularly reveals 
low performance as well. For instance, less than a third of eighth-grade students 
performed at or above the “proficiency” level in science in 2009 and 20111. In 
mathematics in 2013, only 42% of fourth graders, 36% of eighth graders, and 
26% of 12th graders2 performed at or above “proficiency” level. All of these 
tests reveal major achievement gaps based on socio-economic status, parental 
education, and race/ethnicity, indicating an overall failure of elementary and 
secondary schooling to compensate systematically for broader societal inequi-
ties and calling into question basic notions of fairness. While these trends have 
long driven education policy, a 2010 report by the Presidents’ Council of Advi-
sors on Science and Technology (PCAST) on STEM education, followed by a 
National Research Council report on K–12 science education (NRC, 2012) that 
served as the guiding framework for the Next Generation Science Standards 
(NRC, 2013a) and two reports by the NRC on improving STEM education 
(NRC, 2011a; 2013b), have provided major momentum for significant changes 
in elementary and secondary STEM education in the U.S.
While the K–12 U.S. education system has long been portrayed as being 
in a state of crisis and in apparent need of widespread improvement, post-sec-





point of national pride and a system of international envy. However, recent 
high-visibility reports and articles in national newspapers are putting a spot-
light on problems in post-secondary education in general, and undergraduate 
STEM education in particular. They suggest an urgent need for major reform 
that parallels that at the elementary and secondary level. Ultimately, insights 
on how people learn (NRC, 1999) are beginning to shape expectations for how 
we should teach, not only in K–12, but also in higher education. A 2012 report 
by the White House (PCAST, 2012) linked poor STEM education at the under-
graduate level to a lack of STEM graduates overall. The report concludes that 
sub-par STEM education in the nation’s colleges and universities will indirectly 
limit future economic growth and competitiveness of the U.S. economy.
A series of reports by the National Research Council between 2011 and 
2015 focused on undergraduate STEM education in community colleges (NRC, 
2012b) and introductory courses of baccalaureate granting institutions (NRC, 
2011a; 2012c; 2015a); the reports found evidence-based practices that support 
student learning and retention to be widely missing. A separate report indicated 
a need to expand participation of underserved minorities in STEM at the col-
lege level (National Academy of Sciences, National Academy of Engineering, 
and Institute of Medicine, 2011). The above-mentioned reports summarized 
the tremendous amount of scholarship that has emerged over the last 20 years 
(Seymour & Hewitt, 1997), as did a seminal report that resulted from a joint 
initiative by the American Association for the Advancement of Science and the 
National Science Foundation, entitled Vision and Change in Undergraduate Bi-
ology Education (American Association for the Advancement of Science, 2011). 
A more recent report spearheaded by the Association of American Colleges 
and Universities (The Coalition for Reform of Undergraduate STEM Educa-
tion, 2014) echoes these ideas. Research summarized in these and many other 
publications not only demonstrates an urgent need for improving STEM edu-
cation at the undergraduate level, but many also provide guidance on how to 
achieve transformational change.
And transformational change is urgently needed, if only to respond to a 
new crop of students who will soon learn science, engineering and mathemat-
ics differently from previous generations of college-going students. The Next 
Generation Science Standards, Common Core Standards in Mathematics and 
English Language Arts, and the College Board’s Advanced Placement Redesign 
all stress that learning should be facilitated through the practices in the relevant 
disciplines. This has implications for teaching itself, and for the expectations 
that students might have for what it means to receive a quality education. Hence, 
ongoing reforms in K–12 education might soon begin to influence graduating 
high school students, and could put pressure on two- and four-year institutions 
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to provide more engaging STEM learning opportunities than is common today 
for incoming students. The cultural expectation that equates university educa-
tion with anonymous large-scale lecture classes in which an instructor or pro-
fessor acts as sage on the stage may soon be considered a quaint relic of the past 
(Deslauriers, L., Schelew, E., & Wieman, C., 2011).
Unfortunately, institutions of higher learning, maybe more so than most 
other organizations, are complex and somewhat resistant to change; neither 
top-down, nor bottom-up strategies alone are promising to be effective (Aus-
tin, 2012; Kezar, 2011). Additionally, higher education institutions today are 
operating in a national context that simultaneously calls for—yet puts strain 
on—their ability to provide improved STEM education: a mounting student 
debt crisis that is tied to decreases in public support for higher education; an 
associated threat to the business model in higher education, spurred by poten-
tially disruptive innovations in educational technologies making online educa-
tion increasingly possible and acceptable; a changing student population that 
requires renewed focus on so-called co-curricular services to help with reten-
tion, persistence and (on-time) graduation; and for-profit colleges that seem 
to speak to non-traditional student needs (even if they may not meet them in 
the end).
The ConTexT of sTeM reforM In hIgher eduCaTIon
The business model for many public institutions of higher learning is becoming 
unsustainable. Declining funding at the state level leads to associated unsus-
tainable increases in tuition, making higher education increasingly unafford-
able for coming generations, or leading to reduction in services at a time when 
increasingly more students are expected to attend college. At the same time fed-
eral funding for research does not keep up with the ever-increasing research en-
terprise at colleges and universities; returned overhead through research dollars 
will not provide additional income to universities to make up for dwindling state 
support. Tuition money is filling the gap, making post-secondary education in 
the U.S. one of the most expensive in the world for the student (OECD, 2014), 
resulting in the skyrocketing of student debt over the last decade to danger-
ous and unprecedented heights (U.S. Department of Education, 2013). While a 
“good” post-secondary education remains a smart investment for an individual, 
the benefit-cost analysis for many two- or four-year degrees might begin to look 
less attractive, particularly when students graduate into difficult economic con-
ditions or are forced into jobs with fewer options to advance over time in order 
to service their high residual debt. Median family income for those with bach-
elor degrees for 2013 was almost $80,000, compared to associate degrees with 
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$56,000.3 Even attending some college leads to a 20% income premium over 
stopping at a high school degree ($49,700 versus $40,700). Nonetheless, the im-
mense costs of a college education in the U.S. to the individual (compared with 
most other countries in the world, including much of Europe) is seen as a “bar-
rier to entry” into higher education, and is now spawning various initiatives to 
reduce college costs for students while improving the “quality of service”, i.e., the 
effectiveness of the education that students receive. This is putting tremendous 
pressure on colleges and universities to rethink how they deliver an education, 
causing universities to struggle with the expectation to simultaneously improve 
education and lower cost. It is not clear right now whether all U.S. institutions 
of higher learning will succeed in this challenging task.
But quality versus cost is not the only balancing act for research-intensive 
colleges and universities. The evidence for student-centered, cognitively engag-
ing undergraduate STEM teaching approaches is overwhelming and it is now 
less a question of whether, but when, they will become the norm rather than 
the exception. These approaches include, among others, using interactive and 
engaging techniques in large introductory courses and labs; providing students 
with authentic research and service experiences in freshman and sophomore 
years; using adapted mathematics and literacy support for struggling students; 
creating so-called “wrap-around” services known to support retention and stu-
dent success for non-traditional, minority and first-generation college goers; 
and improving mentoring and coaching for students. This host of measures 
known to improve student success creates a conflict of priorities within those 
institutions that also want to (simultaneously) improve their research output. 
The current financial model of tenure-track faculty who use research funds to 
buy out teaching obligations and are replaced with contingent faculty or full-
time instructors, with the overall trend toward a smaller fraction of courses 
being taught by tenure-track faculty members, is challenging the overall ac-
ademic model of the research university. It is creating an unhealthy two-tier 
system in which obligations for teaching and student support are seen as sec-
ondary and lower-ranking compared to the university business of conducting 
research through external funding.
A recent public fascination with massive open online courses (MOOCs) has 
focused attention on new learning technologies and their promise for changing 
the way instruction occurs. New education technologies provide opportunities 
for individualized and adaptive learning, and if used prudently might benefit 
student success across the board. They can enhance on-campus courses by pro-
viding multiple modes of engaging students with the content, such as through 
3. http://www.census.gov/hhes/www/income/data/historical/household/2013/h13.xls
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blended models of in-class and online elements. Digitally-facilitated education 
is beginning to provide new models for how higher education might be de-
livered and how degrees may be granted in the near future. This technology-
enhanced education can be delivered systematically as online degree programs, 
supplement existing programs with MOOC-format courses, or serve as part of 
a rapidly changing culture in which online classroom management systems like 
Canvass or Blackboard become the norm. Patchwork degrees with MOOCs in 
French Literature from Harvard, inexpensive, in-person seminars on writing 
from a local community college and a chemistry lab course from a local land-
grant university, might become the new norm. Degrees might be granted based 
on competencies and portfolios by institutions that may not yet exist, at a cost 
that is far below the current norm. The discussion about educational technology 
application in higher education, however, oscillates between excitement about 
its potential, and concern about a two-tier system between a high-quality, high-
touch, in-person education for those who can afford it, and a low-cost online 
and blended education based primarily on self-study for the rest, with serious 
questions about their equivalency.
Whether delivered in-person, in blended environments or online, there is 
new appreciation for the value of two-year associate degrees and post-secondary 
certificates as attractive alternatives to a baccalaureate degree, particularly for the 
many so-called “middle-skilled” jobs in STEM and health-related fields (profes-
sions that require postsecondary qualifications, but not a BS or BA degree). The 
current movement towards strengthening degree programs and post-secondary 
certificates from community and junior colleges, particularly in STEM fields, 
will take “business” away from four-year institutions. Already, transfer students 
from two-year institutions comprise more than 40% of the baccalaureate-bound 
students and community or junior colleges are delivering the education cheaper 
and in more intimate settings than universities. For-profit providers of post-
secondary certificates and associate degrees had been gaining popularity in the 
last decade, despite concerns and public debates about quality, value and cost, 
and doubtful outcomes for participating students. Nonetheless, for-profits have 
reached an increasingly higher number of students, particularly from under-
served minorities, veterans, and other nontraditional students. The reasons for 
their success in attracting students is based, among others, on targeted market-
ing and flexible ways to fit educational offerings into the schedule of working 
adults; this may provide lessons in how to address those students’ educational 
needs that the more established public and private nonprofit colleges and univer-
sities could also embrace (Kinser, 2013). In fact, the increasing supply of online 
bachelor’s degrees from established research universities might provide educa-
tional options for students with limited means and a high need for flexibility.
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Taken together, these pressures and trends require much-needed change in 
colleges and universities. Current attempts by many of them to “grow” their way 
out of the impending financial, educational and technological crisis by attract-
ing more out-of-state or international students who pay top tuition dollars, or 
by expanding the research enterprise in order to attract extramural (mostly fed-
eral) funding will quickly reach a limit of diminishing returns. Federal research 
funding is currently not keeping pace and, in fact, might even shrink relative 
to inflation in the near future. Another strategy, that of attracting international 
students, which taps into potentially endless demand, comes at yet to be deter-
mined costs since the universities will have to respond to the implicit promise 
of a superior tertiary education with costly delivery. Something has to give.
lookIng Toward soluTIons
Complex problems require complex and multi-pronged solutions. A host of 
national institutions that focus on the quality of higher education, from the 
National Academy of Sciences to the American Association for the Advance-
ment of Science, and from all major university associations to PCAST, are be-
ginning to not only write comprehensive reports about the student success 
dilemma, but are beginning to build on initial efforts to address it through 
structural change projects, supported with funding from the National Science 
Foundation, the National Institutes of Health, and some forward-looking pri-
vate foundations, such as the Helmsley Trust, the Alfred P. Sloan Foundation, 
or the Howard Hughes Medical Institute. Beyond that, there are now hundreds 
of efforts around the country, in many colleges and universities, to address the 
quality of classroom-based instruction and the nature of laboratory courses, or 
to provide research experiences for undergraduate students, or to address more 
broadly questions of completion, retention, persistence and affordability. But 
individual, mostly course-level or small-scale efforts have not resulted in broad 
and sustainable approaches that fully address the challenges described above.
The chapters in this book provide a multitude of perspectives on enacting 
and supporting change at large scale and with lasting results. It is clear from 
this collection of narratives that there are many dimensions to consider for this 
level of transformation. Most recently, an impatient political system that seeks 
to protect students is demanding publicly available, simple indicators for col-
lege success, implying the existence of fast-acting simple solutions. If institu-
tions of higher learning do not begin to address concerns about the quality 
of undergraduate (STEM) education, and embrace potential solutions actively, 
prudently, urgently and based on evidence, solutions with the potential for 
questionable results may be imposed externally, just as they were to elementary 
and secondary education. 
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seCTIon a
Theories and Models of Institutional 
Transformation
This section begins by placing the reform of undergraduate STEM instruction 
in the larger context of desired outcomes across the levels of education, and em-
phasizes the importance of approaching the work of transformation with aware-
ness of how particular interventions fit within a knowledge base and contribute 
to it. Kezar and Holcombe review understandings from a broad literature on 
organizational change, as they apply specifically to higher education. Miller and 
Fairweather, and Elrod and Kezar present two initiatives that use frameworks as 
a tool for supporting institutional level change across a network of participating 
institutions. The first chapter begins with a logic model and invites participat-
ing institutions to respond with local initiatives within the model. The second 
chapter, grounded in well-known principles of organizational change, invites 





The Reform of Undergraduate Science, Technology, 
Engineering, and Mathematics Education in Context:  
Preparing Tomorrow’s STEM Professionals and 
Educating a STEM- Savvy Public 
Joan Ferrini-Mundy, Layne Scherer, and Susan Rundell Singer1 
InTroduCTIon
The myriad calls for the transformation and improvement of our nation’s under-
graduate science, technology, engineering and mathematics (STEM) education 
enterprise are situated within a broader set of concerns about the preparation of 
the scientific workforce and the education of a public that will use and support 
science. We wish to focus on two main drivers for the current priority on the 
transformation of undergraduate STEM education and describe the contexts 
and approaches that guide the National Science Foundation’s (NSF) investment 
priorities in this area.
The first driver is the demand for a diverse STEM professional workforce 
prepared to advance the frontiers of science and engineering given the increas-
ing need for STEM knowledge to address the most pressing challenges faced by 
society. The second is the need to consider the undergraduate STEM experi-
ence as an opportunity to provide students foundational skills and knowledge 
required by the evolving role of technology and data across the spectrum of 
personal and society-level decisions including health, food, energy, the envi-
ronment, and finances. Both of these drivers recognize the vital role that un-
dergraduate STEM education has on developing not only the experts that will 
expand the frontiers of discovery, but also on educating a STEM-literate public 
equipped with the skills they need to be informed consumers, and increasingly, 
generators, of data. 
In the summary of the 1944 landmark report Science the Endless Frontier, 
American engineer Vannevar Bush proposed to President Roosevelt the estab-
lishment of the basic structures that would later become NSF:
1. Any opinion, findings and conclusions or recommendations expressed in this material are 
those of the authors and do not necessarily reflect the views of the National Science Foundation.
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Basic scientific research is scientific capital . . . How do we increase this 
scientific capital? First, we must have plenty of men and women trained 
in science, for upon them depends both the creation of new knowledge 
and its application to practical purposes.
The subsequent National Science Foundation Act of 1950 affirms that per-
spective in authorizing a federal agency to both support research in science and 
to strengthen education. 
Our work in the Directorate for Education and Human Resources (EHR) at 
NSF attends to both goals of building the workforce, in addition to public un-
derstanding, and we recognize the unique circumstances of the NSF in the full 
integration of science and education, both organizationally and conceptually.
sTeM undergraduaTes, sTeM Careers, and PublIC 
undersTandIng of sTeM
Features of U.S. undergraduate STEM education provide context for under-
standing the landscape in which NSF investments are planned and executed. 
In 2010, 70% of STEM degree recipients were working in fields closely aligned 
with their degree and 24% were working in a related field, according to the Na-
tional Science Board (NSB, 2014).This contrasts with 35% of degree recipients 
in other fields working in jobs closely aligned with their college major and 32% 
working in fields somewhat related to their degree. The tighter correspondence 
with employment underscores the value of high quality STEM degree prepara-
tion. The projected demand for STEM undergraduates remains crucial as the 
U.S. Bureau of Labor Statistics (2014) anticipates that employment in STEM-
related occupations will grow by more than 9 million between 2012 and 2022. 
Producing more high-quality scientists and engineers, with the conceptual un-
derstanding and adaptability to succeed in the rapidly changing world of work, 
is a national need. Given the tight link between degree and employment, align-
ing collegiate learning and learning environments with workforce skills, includ-
ing intra- and interpersonal-skills, is a promising practice in STEM education.
A greater focus on undergraduate STEM education can have impacts that 
reach far beyond the students who earn bachelor’s degrees in science and en-
gineering. Within the workplace, an increasing number of occupations require 
some STEM skills. Jonathan Rothwell (2013) mined the Department of Labor’s 
Occupational Information Network Data Collection Program (O*NET) to 
identify jobs that require STEM knowledge, though they may not be classi-
fied as science and engineering using the Bureau of Labor Statistic’s definition. 
Rothwell found that 20% of all jobs in the U.S. require some STEM knowledge 
and half of these jobs require less than a bachelor’s degree. Individuals in STEM 
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and STEM-related jobs requiring less than a bachelor’s degree enjoy a 10% pay 
differential compared to jobs with similar education requirements (14% dif-
ferential for those requiring a bachelor’s degree). According to Rothwell, met-
ropolitan areas with greater numbers of jobs requiring some STEM knowledge 
have stronger economies with less unemployment and a greater share of ex-
ports as a function of GDP. Growth in STEM-related fields is illustrated by a 
167% increase in associate’s degrees granted in health care fields from 2002 to 
2012 (NSB, 2014).
High-quality STEM education is also relevant for college graduates who 
will not utilize STEM skills in the work place. According to the National Science 
Board (2014), only 8% of all associate’s degrees and 32.6% of all bachelor’s de-
grees granted in 2012 were in traditional science and engineering fields, exclud-
ing health care fields. For the majority of college students, a required general 
education quantitative literacy or science course may be the last formal study of 
the subject for such students. While these students will go on to enter a range 
of career pathways with varying direct application of STEM skills, they will also 
go on to be parents, consumers, community leaders, and school board mem-
bers. Currently, there is limited formal research available to describe the uses of 
STEM knowledge in everyday life, but there is an increasing body of knowledge 
about how to best engage the public in STEM. One thing we do know is that 
the U.S. public seems interested in science. Recent results from the National 
Science Board (2014) indicate that a majority of Americans say they are “inter-
ested in ‘new scientific discoveries’ . . . that the benefits of science outweigh the 
potential harms.” Americans say that they “hold positive views of scientists and 
engineers,” and the public’s level of factual knowledge about science is compara-
ble generally to levels in Europe. Citizen science activities, for example, are be-
coming more accessible to a wider range of individuals and groups and provide 
interesting opportunities for intermittent engagement with science over the life 
span (Bonney et al., 2014). Remembering that undergraduate STEM education 
may be the final encounter with these disciplines in a formal educational setting 
for the majority of associate’s and bachelor’s degree earners, it may be important 
to better understand how those experiences contribute best to equipping people 
with the foundational knowledge, skills, and understanding of the nature of sci-
ence to inform and enrich their daily lives.
key ConTexTs for nsf InvesTMenT In 
undergraduaTe eduCaTIon
Recently, the federal government has increased its level of attention to STEM ed-
ucation with undergraduate education as one of the key areas to leverage fund-
ing across agencies for greater impact. A significant milestone for improving 
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government investment in undergraduate education came with the Committee 
on STEM Education’s (CoSTEM) publication of the Federal Science, Technology, 
Engineering, and Mathematics (STEM) Education 5-Year Strategic Plan (2013). 
This report, requested by Congress in the America Competes Reauthorization 
Act of 2010, identifies “five priority STEM education investment areas where a 
coordinated Federal strategy can be developed. . . .” (CoSTEM, 2013, p. iii). One 
of the priority areas is undergraduate education, where the goal is to “Enhance 
the STEM experience of undergraduate students. Graduate one million addi-
tional students with degrees in STEM fields over the next 10 years” (CoSTEM, 
2013, p. 10). The four strategies proposed for achieving the undergraduate goal 
are:
•	 implement evidence-based instructional practices and innovations to 
improve undergraduate STEM learning and retention;
•	 focus on STEM education at two-year colleges and build bridges to 
four-year programs;
•	 expand partnerships outside of higher education to provide early 
research experiences; and
•	 address the gatekeeper issue of beginning college mathematics.
Given that fourteen agencies are working together to build coherence and 
coverage across the federal investments, each agency’s investments are situated 
within this larger set. In particular, NSF plays a distinctive role in funding basic 
research to advance the progress of science and build the prosperity of the na-
tion, while also funding a robust portfolio of investments in education. As the 
only federal agency with a dual mandate in research and education, NSF also 
provides leadership in integrating frontier science with cutting-edge education 
research.
Additionally, one of the other priority goals focuses on how to better serve 
students from groups that have been historically underrepresented in STEM: 
“Increase the number of underrepresented minorities who graduate college 
with STEM degrees in the next 10 years and improve women’s participation in 
areas of STEM where they are significantly underrepresented” (CoSTEM, 2013, 
p. 11). These two goals, which coincide with the NSF’s aim to build a diverse 
STEM workforce through improved undergraduate experiences, indicate the 
growing demand for a broader conversation to ensure federal funds support 
effective programs to improve outcomes for students. 
In the FY 2014 NSF President’s Budget Request, NSF introduced plans for a 
coherent undergraduate STEM education investment by announcing “Catalyz-
ing Advances in Undergraduate STEM Education” (renamed “Improving Un-
dergraduate STEM Education” subsequently). The goal is “to provide coherence 
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across all NSF undergraduate education programs to maximize the effective-
ness of NSF learning experiences of all undergraduates” (NSF, 2013).
EHR also has a framework to guide investments across this directorate. All 
investments are now identified within one of these themes: improving learn-
ing and learning environments; broadening participation and capacity; and 
building a STEM professional workforce (NSF Federal Advisory Committee for 
Education and Human Resources, 2014). These themes provide different lenses 
to view the portfolio of our work, providing a schema to understand how the 
specific outcomes targeted by each project and program build into a comple-
mentary and comprehensive group. 
EHR’s efforts to enhance its undergraduate investment are guided by all 
of these contexts: the CoSTEM plan, the agency-wide undergraduate STEM 
education framework, and the EHR investment themes. At the time of this 
writing, there are seven distinct EHR programs2 that provide funding for the 
improvement of undergraduate education and are categorized as undergradu-
ate programs. There are several other programs that are closely related to, or 
dependent on, the improvement of undergraduate STEM education, including 
programs supporting K–12 education and graduate education. These programs 
recognize the movement of students through and across the educational eco-
system and that the benefits students gain at one level may improve their abili-
ties further downstream. 
develoPIng an InvesTMenT sTraTegy
The framework below has been a helpful guide for clarifying the different con-
tributions to research and development, as well as human capital for our pro-
grams. For example, the Improving Undergraduate STEM Education (IUSE): 
EHR program (http://www.nsf.gov/funding/pgm_summ.jsp?pims_id=505082) 
encompasses design research, small-scale implementation, and in some cases, 
scaling. The Scholarships for Science, Technology, Engineering, and Mathemat-
ics (S-STEM) program (http://www.nsf.gov/funding/pgm_summ.jsp?pims_id 
=5257) builds capacity by providing scholarships. 
2. Improving Undergraduate STEM Education (IUSE): Education and Human Resources; Ad-
vanced Technological Education (ATE); Scholarship in Science, Technology, Engineering, and 
Mathematics (S-STEM); Historically Black Colleges and Universities Undergraduate Program 
(HBCU-UP); Louis Stokes Alliances for Minority Participation (LSAMP); Tribal Colleges and 
Universities Program (TCUP); and the Robert Noyce Teacher Scholarship Program. See Sum-
mary Table 13—National Science Foundation CoSTEM Inventory and Postdoctoral Fellowship 
Programs By Level of Education, Request to Congress in NSF FY2016 Budget.
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EHR continually reviews the fit of our own programs with one another, as 
well as within the context of the other education-focused programs at NSF. For 
example, IUSE explicitly coordinates investments in undergraduate education 
across the NSF to leverage collective impact. Regular Committee of Visitors 
reviews, ongoing external evaluations of program impact, new reports from the 
National Academies and various professional societies, and findings from edu-
cation research all are considered in the design and development of programs 
and funding approaches. In considering programs, we ask such questions as:
•	 What are the main goals that this program will address? 
•	 Do these goals align with documented national challenges in 
education?
•	 How do the goals of this program fit with, and complement or 
leverage, existing programs in EHR and in NSF?
•	 Will the proposed program mechanisms bring in a body of work that 
will address the national need? 
•	 How does existing research support the approach we hope to 
implement and what data systems exist currently to provide 
information on the issue? 
fIgure 1. Cycle of Innovation
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•	 What body of knowledge will be enhanced through these investments?
•	 What can we expect to be the national impact on STEM education?
Increasingly across NSF, planning tools such as logic models are used at 
the program level and are encouraged at the project level (W.K. Kellogg Foun-
dation 2004). The NSF FY 2016 Budget request sets forth a goal for FY 2016 
that “NSF will have incorporated logic models/theory of change language in 
the rationale for all new programs” (NSF, 2015, Performance, p. 44). There are 
various approaches to logic modeling, but in some form, all call for articulat-
ing the following core components: the overall goal of a program; assumptions 
and contexts to consider; the inputs (e.g. available resources, human capital) 
the activities or program components that will be implemented; and a series of 
short-term, intermediate, and long-term outputs, outcomes, and impacts.
Inputs include the nation’s institutions of higher education, the set of fund-
ing programs, recommendations from the National Academies, the President’s 
Council of Advisors on Science and Technology, and professional societies, and 
growing bodies of research to guide improvement. The set of programs calls, 
collectively, for activities in all components of the cycle in Figure 1: research, 
design and development of instructional approaches; implementation and test-
ing of innovative interventions; capacity-building through faculty development 
and student support; and large-scale efforts, for example using technology. 
Short-term outcomes and outputs include a diverse program portfolio, 
a growing evidence base about high quality instructional practices, assess-
ment tools, faculty and graduate students who are implementing improved 
approaches, and increased numbers of students from groups that have been 
underrepresented in selecting STEM fields. Longer-term outcomes include not 
only wide use of instruction approaches, but measurable change and improve-
ment in student learning, retention of students from underrepresented groups 
in STEM majors, numbers of students completing STEM degrees in the trans-
formed institutions, transition to and success in graduate study, and ultimately 
successful placement in and success in the STEM workforce, along with a sci-
ence-literate public.
MakIng IMProveMenTs aT sCale
The NSF has a pivotal role to play in the improvement of STEM education; how-
ever, given the scope of the U.S. education system, NSF must deploy resources 
strategically to achieve the greatest impact. Overall, there is approximately $1.1 
trillion invested in U.S. education annually. Of that $1.1 trillion, 94% of the 
investment is spent on the nation’s state and local K–12 and postsecondary 
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systems. Most of the remaining 6% is spent by the U.S. Department of Edu-
cation on the K–12 system. Only 0.3% of all federal investment is directed at 
STEM education, and only a small portion of this is NSF’s undergraduate in-
vestment (Federal Inventory of STEM Education Fast-Track Action Commit-
tee, 2011). Thus NSF investments will not directly reach all institutions and all 
STEM students, so having strategies in mind for “scaling” or propagating is a 
critical part of our activity. We discuss four here.
scaling Through research
In Figure 1, the feedback and feed-forward arrows are particularly important 
parts of the system of investment. In order to move, for instance, to large-scale 
implementation of well-tested ideas, there will be cycles and iterations where 
learnings from one line of work are influencing and informing the next, and 
then the challenges that come up in that phase result in feedback to inform a 
next round of development. Elements of this system are captured in the Com-
mon Guidelines for Education Research and Development, a report produced 
jointly by NSF’s EHR and the U.S. Department of Education’s Institute of Edu-
cation Sciences (IES). Six types of research are described, and in each descrip-
tion it is clear how the evidence and findings of each type are related to the other 
types (IES & NSF, 2011, p. 9). For instance, foundational research will produce 
basic understandings that will “influence and inform research and development 
in different contexts.” Design and development research (much NSF funding is 
in this category) “develops solutions for achieving a learning goal, and such 
studies themselves have internal iterations.” Successful design and development 
projects, where interventions are well tested and improved in a given setting, 
can lead to the more extensive efficacy and effectiveness studies that would pro-
vide evidence that an approach is ready for wide scaling. Of course with techno-
logical approaches that can be used widely immediately after (or even during) 
design, the “stages” suggested in Figure 1 may not progress sequentially.
Formal methodologies for synthesizing research studies can provide robust 
evidence to justify scaling. A recent example is the meta-analysis conducted by 
Freeman, et al. (2014), that synthesized 225 studies of instructional approaches 
to promote active learning. The study found that, “average examination scores 
improved by about 6% in active learning sections, and that students in classes 
with traditional lecturing were 1.5 times more likely to fail than were students 
in classes with active learning” (Freeman, 2014). The study also points to class 
size as a factor as the greatest effects were seen in small classes (n ≤50). Critical 
to meta-analysis is sound design and thorough reporting of the source studies. 
Another way in which research is related to scale is in building a strong 
record of learning through implementation research (Fishman, Penuel, Allen, 
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Cheng, & Sabelli, 2013), or improvement research (Bryk, Gomez, & Grunow, 
2011). These approaches bring practitioners and researchers together through-
out the process for iterative design, improvement, and assessment cycles. 
scaling Through Commercialization and wide use 
Scaling of effective ideas can occur through commercialization and passing 
along the responsibility for widespread marketing and dissemination to the pri-
vate sector. In past decades, EHR has funded curriculum projects that required 
the development teams to partner with a potential publisher at the beginning of 
the project. The Instructional Materials Development (IMD) program, which 
ran from 1990–2006, required the applicants to include a robust plan for dis-
semination in their proposal, complete with a timeline for securing a publisher, 
projected sales, and income. 
The NSF Innovation Corps (I-Corps™) program supports a set of activities 
and programs that prepare scientists and engineers to extend their focus beyond 
the laboratory and broaden the impact of select, NSF-funded, basic-research 
projects, providing another vehicle for scaling. We have launched I-Corps for 
Learning, which encourages proposals that take discoveries and promising 
practices from education research and development and promote opportuni-
ties for widespread adoption, adaptation, and utilization. (http://www.nsf.gov 
/pubs/2015/nsf15050/nsf15050.pdf)
scaling Through Partnering 
Partnering, with institutions from other sectors or with other government 
agencies, is a good way of extending the reach of successful interventions and 
programs. Two recent examples in NSF’s undergraduate portfolio demonstrate 
this. In FY 2012, NSF announced a cooperative activity among NSF, Intel Foun-
dation, and GE Foundation to stimulate comprehensive action at universities 
and colleges to help increase the annual number of new B.S. graduates in engi-
neering and computer science by 10,000. Proposals for support of projects were 
submitted under a special funding focus (Graduate 10K+) within the NSF Sci-
ence, Technology, Engineering, and Mathematics Talent Expansion Program 
(STEP, see http://www.nsf.gov/funding/pgm_summ.jsp?pims_id=5488; http://
www.nsf.gov/pubs/2012/nsf12108/nsf12108.jsp). The partners from the pri-
vate sector added funds to NSF’s STEP program and thus leveraged reach to a 
broader set of students with NSF’s investment platform as a basis.
The Advanced Technological Education (ATE) program is an interesting 
example of an undergraduate partnership with another government agency. 
ATE, with a budget of $66M in FY 2015, has built expertise over two decades, 
and both informs and leverages a shorter-term infusion of funds by the U.S. 
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Department of Labor in the Trade Adjustment Assistance Community College 
and Career Training Grant Program (TAACCT), that invested almost $2 billion 
from 2010 to 2015 to support displaced adults in developing employable skills. 
Several ATE Centers have combined their collective expertise to provide tech-
nical assistance to TAACCT awardees, through webinars and other activities 
with the effort coordinated by the National Convergence Technology Center 
(http://www.connectedtech.org/). 
using alliances and networks to spread best Practices
One role that the NSF currently plays and can continue to advance is to help 
connect researchers and practitioners across networks to encourage the sharing 
of best practices, innovative theories, and wisdom of experience. One way that 
such scaling happens is when large numbers of individual institutions within 
classes of institutions are part of an NSF program. For example, the EHR-based 
Historically Black Colleges and Universities Undergraduate Program (HBCU-
UP), and Tribal Colleges and Universities Program (TCUP) are interesting 
because they can reach most of the institutions in the eligible cohorts, so the 
“scaling” approach includes reaching all institutions. In the 16 years of HBCU-
UP, 84 of the 105 HBCUs have had support, and in the 15 years of the TCUP 
program 45 different institutions have received TCUP funding, encompassing 
nearly all TCUs. Thus, best practices spread through networks of institutions 
that have similar goals and contexts.
Alliances of institutions also provide powerful interconnections and net-
works. Within the Louis Stokes Alliances for Minority Participation (LSAMP), 
an EHR program now in its 24th year, the 49 distinct alliances supported have 
included more than 700 institutions. Colleges and universities with different 
contexts and student populations work together to increase capacity, including 
student support, to improve institutional effectiveness for bringing more stu-
dents from underrepresented groups into science. 
A number of NSF’s undergraduate programs have or are seeking propos-
als for resource networks and centers, organizations designed to serve both as 
repositories of best practices and to push ideas to the field, and to catalyze and 
facilitate interactions. Examples include STEM Central (https://stem-central 
.net), which originated as an NSF-funded center focused on connecting prin-
cipal investigators involved in the STEM Talent Expansion (STEP) program 
and ATE Central (https://atecentral.net/) which supports the highly collab-
orative ATE community. EHR’s Division of Human Resource Development is 
funding a set of design projects that will lead to the development of a proposal 
for a Broadening Participation in STEM Resource Network (BPS-Resource 
Network).
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lookIng forward
In the transformation of undergraduate STEM education, there is a critical 
role for scientists and engineers who, with their deep disciplinary knowledge, 
can offer leadership, especially designing how to incorporate attention to areas 
and practices that are emerging in science and engineering. For instance, as 
the practice of science across all fields is becoming data intensive—how might 
this be reflected in the undergraduate education in STEM in the future? The 
NSF has as a priority goal in the current strategic plan: “Improve the nation’s 
capacity in data science by investing in the development of human capital and 
infrastructure” (NSF, 2014). For undergraduate education, this raises questions 
around the curricular topics and approaches for engaging students, and points 
to the need for research on conceptual understanding and learning progres-
sions in data science. 
The integration of data science into undergraduate STEM curricula would 
not only serve graduating students entering the job market with valuable skills, 
but could also increase the number of students drawn to STEM fields. At the 
2014 Conference Board of Mathematical Sciences Forum on The First Two Years 
of College Math: Building Student Success, Time Warner data manager Sabrina 
Schmidt reflected on her experience as a mathematics major at Vassar College. 
In her session called “What I Wished I Had Learned,” Schmidt discussed how 
she wished she had “learned more about math’s crucial and expanding contri-
butions in today’s business landscape” and commented: 
If students were more aware of which areas of math are prominently 
used in the applications that most interest them, I believe they would be 
more apt to take some introductory courses in statistics and computer 
science in their first two years of college (Schmidt, 2014). 
Schmidt’s suggestions lay bare the critical need to show students the practical 
applications of STEM concepts as a way to spark interest. 
Biology is an example of a field that has made a very sharp transition from a 
descriptive science to a data-intensive science, presenting both opportunity and 
challenge for the preparation of future biologists. Over an eight-year period, 
NSF in partnership with the Howard Hughes Medical Institute, the National 
Institutes of Health, and the U.S. Department of Agriculture has supported a 
broad community initiative, Vision and Change in Undergraduate Biology Edu-
cation (http://visionandchange.org) that has rethought both the mathematical 
and otherwise interdisciplinary nature of biology education. Most recently, 
in collaboration with the Directorate for Mathematics and Physical Sciences 
and the Directorate for Computer and Information Science and Engineering, 
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EHR funded the Quantitative Undergraduate Biology Education and Synthesis 
(QUBES) project (http://qubeshub.org). QUBES is an alliance of mathematical 
and life science organizations and universities to develop resources and profes-
sional development needed to grow the next generation of quantitative biolo-
gists who can innovate in the world of data science. QUBES is designed through 
both scale and partnerships to propagate effective practice in data science ap-
plications for biologists.
Another key consideration is the growing interdisciplinary nature of sci-
ence. At the University of California, Los Angeles, a freshman seminar titled 
“Diversity and Complexity: Introduction to Modeling Complex Systems” will 
be taught jointly by a mathematician (Mark Green) and a sociologist (Jacob 
Foster). New approaches to the design of courses that demonstrate interdisci-
plinarity may be very engaging for students. The National Science Foundation 
Research Traineeship program (NRT) has a focus on building interdisciplinary 
programs for graduate students in STEM, and thus raises the interesting ques-
tion of what might be the key elements in the undergraduate preparation for 
such programs. 
It is indeed an exciting time in STEM education, with innovation and 
change at the undergraduate level providing great opportunities for new gener-
ations of scientists and for a literate public. We in the Directorate for Education 
and Human Resources are pleased to be a part of this transformation. 
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Institutional Transformation in STEM:  
Insights from Change Research  
and the Keck-PKAL Project
Adrianna Kezar and Elizabeth Holcombe
The need for an InsTITuTIonal foCus for Change
Over the last several decades, policy makers, business leaders, and other higher 
education stakeholders have repeatedly called attention to problematic trends 
in science, technology, engineering, and math (STEM) education in colleges 
and universities. While many colleges have begun making changes to the way 
they teach and support STEM students, these change efforts have almost al-
ways occurred at the departmental level (Austin, 2011, Fairweather, 2008; Hen-
derson, Beach, & Finkelstein, 2011). Few have reached the institutional level 
of entire programs or colleges in the STEM disciplines. There is growing rec-
ognition that reform in STEM is an institutional imperative, rather than only 
a departmental one (Austin, 2011; Fairweather, 2008; Henderson et al., 2011; 
Kezar, 2011). For example, institution-wide implementation of high-impact 
practices (HIPs) has shown to dramatically improve the graduation rates of 
under-represented minority (URM) students (Kuh & O’Donnell, 2013). Stu-
dent advising, faculty professional development, student research mentoring, 
academic support programs, clear STEM-focused institutional articulation 
agreements, external partnerships with business and industry related to intern-
ships, among other critical areas, are often overlooked within reform efforts, 
yet have been identified as central to STEM student success (Fairweather, 2008; 
Kuh, 2008). The Meyerhoff Scholars Program at the University of Maryland, 
Baltimore County, epitomizes this type of institution-wide effort and combines 
specific academic, social and research support interventions that have resulted 
in dramatic improvements in graduation of minority STEM students (Maton, 
Hrabowski, & Schmitt, 2000).
Most prior initiatives and reports about STEM reform have been aimed at 
altering individual faculty or departmental activities (Henderson et al., 2011; 
Fairweather, 2008; Austin, 2011). There is little research that has helped leaders 
to understand various interventions that might be implemented that extend 
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beyond departments and create an institutional vision for STEM reform. In 
addition, earlier efforts have not addressed the policies and practices at the 
institutional level that often hinder reforms but can be leveraged to enable 
greater changes. There is research about the institutional change process that 
can help campus leaders in STEM undertake this type of systemic reform (As-
sociation of American Universities, 2013; Beach, Henderson, & Finkelstein, 
2012). This chapter will use the new Keck-Project Kaleidoscope (Keck-PKAL) 
change model to examine institutional reform efforts in STEM education. We 
will frame this discussion with a review of three important theoretical con-
cepts from the institutional change literature that are helpful for understanding 
this institutional change process. After reviewing organizational culture, sense-
making and multi-frame leadership, we will conclude with a brief discussion 
of how this systemic and comprehensive approach to STEM reform requires 
leadership at all levels of the institution, from department faculty to student 
affairs professionals, to deans, provosts and presidents. Culture changes much 
more readily when institutional actors are aligned (Kezar, 2013).
ways To suPPorT InsTITuTIonal Change— 
keCk-Pkal PlannIng guIde
One resource for helping to navigate the challenge of creating institutional-level 
change is the new Keck-Project Kaleidoscope (Keck-PKAL) change model, also 
reviewed in another chapter in this volume in greater detail. Sponsored by the 
W.M. Keck Foundation and AAC&U’s Project Kaleidoscope, this initiative built 
a comprehensive institutional model to help campuses implement evidence-
based STEM reforms. The most important aspect of this model is that it takes a 
systems approach to change. Previous efforts at STEM reform largely ignore the 
broader ecosystem of areas that need to be changed to support student learning 
and the ecosystem of structures, policies and practices that need to be adjusted 
to maintain and sustain change, such as tenure and promotion policies and in-
stitutional culture. The Keck-PKAL model begins by establishing a vision and 
goals for the change project and then guides campus teams through an analysis 
phase to gather data and collect information about the current STEM learn-
ing and student success landscape. This analysis leads to the identification of 
specific campus challenges defined by the data and couched in the context, mis-
sion, and priorities of the campus. These challenges establish the outcomes of 
the change project and lead teams to choose, implement and evaluate specific 
strategies that will address the challenges and improve STEM student learning 
and success. Any change process is dynamic and nonlinear so this model is 
described as a flow, much like a river, where there are multiple points of entry 
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(and exit!), as well as obstacles that might be encountered along the way that 
create eddies in the flow. 
The Keck-PKAL model is based on practices of organizational learning 
(Senge, 1990; Bauman, 2005; Kezar, 2005). Within this approach, information 
gathering and data analysis play a central role in helping individuals identify 
directions and appropriate interventions for making strategic forward prog-
ress. Participants in organizational learning processes also require foreground 
reflection and dialogue—often based on the data, but also to question typi-
cal assumptions. Faculty and staff involved in organizational learning work 
in non-hierarchical teams to develop this learning and to consider innovative 
approaches. This means having campus teams look at data related to student 
success in order to determine the specific challenges and problems, and to ori-
ent themselves toward a vision for change. An organizational learning model 
focuses on learning throughout the change process.
Reflection is another hallmark of an organizational learning process. The 
teams in the Keck-PKAL project were asked to reflect at each stage and to cor-
rect for errors and identify problems that inherently emerge with any change 
process. Therefore the teams, through reflection, were able to realize when they 
did not have adequate buy-in to initiate a change process, or when the vision 
was too top-down or fragmented, or when politics were emerging that might 
sidetrack their efforts, or why they needed measurement of results to ensure fu-
ture support of the initiative. Organizational learning change processes utilize 
data and information to help guide and make choices, but may also make use of 
outside facilitators (both consultants as well as project leaders) to help campus 
teams carry out required reflection on their process in order to adapt along the 
way. The Keck-PKAL guide itself has many questions built in that help facilitate 
this type of learning and reflection. 
The Keck-PKAL model focuses on facilitating organizational learning, but 
it also incorporates key ideas from other research on change, such as the need 
to address politics, develop buy-in, understand the power of organizational 
culture, and help campus leaders unearth underlying assumptions and values 
that might create resistance to change (Kezar, 2013). The Keck-PKAL model 
also includes some of the practices frequently included in strategic planning, a 
typical approach to change in colleges and universities. These practices include 
vision-setting, identifying benchmarks, and conducting a landscape analysis. 
It should be noted that many of these processes—organizational learning, ad-
dressing politics, unearthing cultural assumptions, and vision-setting—were 
extremely hard for STEM leaders in the project to embrace, especially those 
that are often messy and non-linear. Strategic planning approaches that are lin-
ear and less messy were often preferred by the leaders we worked with, which 
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suggests that teams are not naturally inclined to use the strategies that work to 
create change. In the next section, we explore why change is so challenging in 
order to demonstrate the need for the complex framework that we offer as part 
of the KECK-PKAL model.
organIzaTIonal CulTure
Most STEM reform efforts require a change in the culture of the institution, 
although few initiatives to date have focused on cultural change. Organizational 
culture, though, is largely tacit, driven by underlying values and assumptions 
(Schein, 1985). Because assumptions and values are tacit, institutional actors 
are not conscious of them and typically act more on impulse and routine. When 
staff and faculty operate from routines, change can be challenging. Imagine try-
ing to have STEM faculty move from lectures to active learning. Their under-
lying belief is that good teaching involves delivery of content. Asking them to 
move to a mode where they do not deliver content violates their unarticulated 
beliefs about good teaching. Cultural theories of change emphasize the need to 
analyze and be cognizant of these underlying systems of meaning, assumptions, 
and values; while often not directly articulated, they can nonetheless shape in-
stitutional operations and prevent or facilitate change. Change within an orga-
nization entails the alteration of deeply embedded values, beliefs, myths, and 
rituals (Schein, 1985; Shaw & Lee, 1997). This approach also provides more 
understanding of why data use and reflection were so important in the Keck-
PKAL project for helping faculty and staff make sense of the conflicts between 
their assumptions and reality. We next describe a few concepts that will help 
leaders to identify key areas of culture that might impact their change process.
History and traditions are important elements of organizational culture, as 
they represent the collective experience of change processes over time (Kezar, 
2013). Understanding how individuals and groups reacted to earlier efforts, as 
well as barriers that emerged and values that surfaced, is critical to a change 
agent’s success. Institutional history and traditions have been found to strongly 
influence change processes and the way people make sense of a processed inno-
vation like new approaches to teaching (Kezar, 2001). Change agents embark-
ing upon a STEM reform project must carefully analyze the history of STEM 
reforms across their campus. Previous failed change efforts can derail a change 
process, and political problems that emerged should be used as a cautionary 
tale. Successful change efforts can be explored and learned from. It is also im-
portant to distinguish newer initiatives from past ones so that long-time faculty 
do not automatically associate a new effort with past ones, particularly if there 
were concerns. 
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Perhaps the most important drivers of and barriers to change are an organi-
zation’s values and underlying assumptions. Values can be elusive because they 
are sometimes unarticulated and other times aspirational or espoused. Values 
guide behavior, but often in a way that happens unconsciously. Behaviors of 
people on campuses reflect a system of values, as do language, artifacts (e.g., a 
policy), and symbols (e.g., an image); in fact, sometimes these are a better re-
flection of values (Schein, 1985). For example, if student affairs staff describe a 
wall between them and faculty members, this language suggests collaboration 
will be difficult when undertaking a broad, institution-wide STEM reform ef-
fort. It is important, too, to recognize that espoused values are not always the 
true values of an organization. In fact, espoused values, examples of which are 
found in campus mission and values statements, are often aspirational—they 
reflect what a campus would like to be. Espoused and aspirational values can 
be potentially significant levers for change because they represent specific areas 
where stakeholders across the campus might be willing to invest resources and 
effort to achieve goals. 
A key finding from research is that change agents are more successful when 
they align their strategies with institutional culture (Kezar & Eckel, 2002a). For 
example, on a very decentralized campus, trying to develop a universal policy 
on instructional practice for all STEM divisions and units might be met with 
great resistance. However, change agents can work from the bottom up within 
their different units to advance policies that are supportive of better STEM 
teaching campus-wide. By working within the institutional culture, which is 
decentralized, the change agents will experience more success and support than 
is likely to come from pushing for universal policy at the campus level alone. 
Kezar and Eckel (2002a) demonstrated how savvy change agents conduct a cul-
tural assessment and align strategies with the institutional culture. This is a fur-
ther resource for those interested in understanding the dynamics of working 
within their institutional culture. 
senseMakIng
Sensemaking is a theory that helps explain ways that people can change, espe-
cially in relationship to taken-for-granted notions like “good teaching” (Kezar, 
2013). Sensemaking processes help people to unearth and examine their un-
derlying assumptions about any concept and therefore make it more open to 
alteration (Kezar & Eckel, 2002b). As a change strategy, sensemaking can ad-
dress the deep seated cultural changes that we are often confronted with in 
higher education. Like the process of organizational learning described above 
under the Keck-PKAL guide, sensemaking highlights the role of learning and 
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development with regard to change (Kezar, 2005; Kezar, 2012). Studies of resis-
tance to change illustrate that people are often not resisting a change because 
they disagree with it, but because they do not truly understand its nature or how 
they might integrate it into their work and role (Weick, 1995; Eckel & Kezar, 
2003a, 2003b; Gioia & Thomas, 1996). People may hold unconscious views that 
shape their worldview that themselves prevent change among individuals. For 
example, STEM faculty may not be conscious of their views about intelligence 
and learning that may cause them to believe that many students do not have the 
aptitude for STEM majors. These unconscious beliefs may prevent them from 
engaging in changing their instructional practices in a meaningful way.
Part of the difficulty of creating change is realizing that people are interpret-
ing their environment very differently from one another (Cameron & Quinn, 
1988). Therefore, the focus of change strategies within sensemaking is how lead-
ers can shape individuals’ thinking within the change process through framing 
and interpretation, and how individuals within an organization interpret and 
make sense of change (Chaffee, 1983; Harris, 1996; Kenny, 2006). Sensemaking 
is about changing mindsets, which in turn alters behaviors, priorities, values, 
and commitments (Eckel & Kezar, 2003a). Studies demonstrate that sensemak-
ing is facilitated by change agents who create vehicles for social interaction, help 
introduce new ideas into the organization, provide opportunities for social con-
nection, and effectively use language and communication to help facilitate peo-
ple’s evolving thinking (Gioia & Thomas, 1996; Thomas, Clark, & Gioia, 1993; 
Weick, 1995). Examples of sensemaking strategies that could guide institutional 
STEM reform efforts include on-going campus brown bag or speaker series fo-
cused on key STEM reform topics like concept inventories; using assessment 
data to support student learning; professional development; creating concept or 
white papers translating national STEM reports, such as Bio2010, into focused 
ideas for one’s specific campus; and cross-campus teams (with both academic 
and student affairs) that work together regularly. Yet, our research suggests that 
sensemaking, while important, cannot be used in isolation. Leaders need to 
invoke multi-frame leadership in order to foster truly meaningful and lasting 
changes at the institutional level. 
MulTI-fraMe leadershIP
Bolman and Deal (1997) provide one of the most comprehensive overviews of 
organizational theory and its implications for change. Their book, Reframing 
Organizations (1997), synthesizes thousands of studies about organizational 
behavior and theory and describes four major frames (or schools of thought) 
that help to explain how organizations operate: structural, human resource, 
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political, and symbolic. Frames are important because they help leaders to 
clarify and negotiate a particular issue within an organizational context. In ad-
dition to helping understand how organizations operate, the four frames have 
important lessons for anyone undertaking a change initiative. Each frame offers 
a unique view of both barriers to change and essential strategies that support 
change. We will provide a brief overview of each frame and its assumptions 
about change before discussing ways in which the frames can be integrated to 
drive the more holistic approach to change that is necessary for institutional 
reform in STEM.
structural frame
The structural frame is perhaps the most commonly used framework among 
leaders and the most familiar to those in the general public. The structural 
frame is often epitomized by the notion of the organizational chart, where peo-
ple understand how the organization functions through a definition of a variety 
of roles and the relationships among those roles. Key assumptions underlying 
the structural frame include the overarching role of structure in defining pur-
pose and solving problems, the importance of goals and objectives, a focus on 
efficiency and specialization, operation through coordination and control, the 
necessity of matching structure to circumstance, and the primacy of rational-
ity in decision-making and interactions. Barriers to change when examined 
through the structural frame include lack of clarity or direction surrounding 
new roles and responsibilities, no goals or priorities being set, and confusion 
about authority and decision-making. An example of this barrier is that of an 
institution-wide STEM reform effort that will broaden and shift views of who 
is responsible for STEM education on campus; when instruction, peer support, 
and co-curricular and extracurricular programming are all crucial pieces of a 
holistic STEM-reform effort, then responsibilities can become diffuse and un-
clear. Facilitators of change include establishing goals for STEM reform, such 
as targets for increased graduation, reviewing data on student success, and re-
viewing policies that may inhibit good teaching, such as allocation of classroom 
space or scheduling of classes. Bolman and Deal (1997) emphasize the impor-
tance of formalizing new structures and policies and communicating changes 
around roles and expectations when thinking about change through the struc-
tural frame. 
human resource frame
The human resource frame emphasizes the human subsystem of the organi-
zation. This frame focuses on the motivations, needs, commitment, training, 
hiring and socialization of people within an organization and how this impacts 
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organizational functioning. The assumptions underlying the human resource 
frame include the crucial role of organizations in serving human needs, the 
importance of fit between individuals and organizations, and the value in re-
warding and meaningful mutually beneficial relationships between people and 
organizations. Barriers that emerge when employing the human resource frame 
to think about change include anxiety or uncertainty around new strategies or 
policies, loss of morale, and feelings of incompetence in the face of new ap-
proaches to work that may not be well-understood. Including STEM faculty 
and staff in planning meetings, encouraging participation among a diverse 
group of stakeholders throughout each stage of the change process, and provid-
ing effective training to promote new knowledge and skills were all effective 
strategies in the Keck-PKAL project that align with the human resource frame. 
Political frame
Bolman and Deal’s (1997) research identified that many people, particularly ed-
ucators and women, downplayed the political frame for understanding organi-
zational challenges and developing solutions. Politics often has a negative image 
and is associated with images of ambitious people climbing to the top, willing 
to engage in unscrupulous activities in order to move their agenda forward. 
This view of politics is very limited, however. Instead, the political frame can 
help leaders to understand the important ways that they can build an agenda or 
common vision for change, mobilize people, use persuasion to influence oth-
ers, identify sources of power and use them to leverage change, and utilize the 
power of networks in order to create organizational direction and change. The 
political frame also helps many conflict-averse leaders to see the value in con-
flict because it demonstrates where people have competing interests and where 
negotiation and solutions can be identified. The political frame also challenges 
leaders with a highly rational approach to their work to think about other con-
ditions that are shaping organizational behavior, such as diverse interests or 
beliefs. Barriers to change when examined through the political frame include 
feelings of disempowerment among stakeholders, as well as conflicts that go 
unaddressed and either simmer under the surface or explode into intense bat-
tles leading to widespread loss of support. In the Keck-PKAL project, campuses 
experienced political problems when they rushed ahead with implementation 
of reform despite lack of buy-in or with only a small group of faculty support-
ers; these campuses found strong feelings of disempowerment and resistance 
to change among those who were not included, and were forced to begin the 
process again. Campuses that focused on forming broad coalitions of support 
were much more successful in implementing change.
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symbolic frame
Perhaps the most underutilized frame is the symbolic perspective of the or-
ganization. People inherently need meaning and the symbolic frame helps to 
provide avenues for people to establish meaning through their work. This frame 
also demonstrates that mission and vision are important for providing a sense 
of purpose for faculty and staff engaging in institutional STEM reform; mission 
and vision create a common language that everyone understands and an image 
of the future towards which stakeholders can strive. Overall, the symbolic sub-
system of organizations sheds light on the values that undergird activities, prac-
tices, and policies that typically go unnoticed. Bolman and Deal (1997) point 
out how the symbolic frame, more so than any others, moves leaders beyond 
thinking in a purely strategic or highly rational manner and highlights the im-
portance of faith, purpose, emotions, values and spirit for organizational func-
tioning. Assumptions of the symbolic frame include the critical importance 
of meaning and the multitude of meanings that different actors construct for 
the same event, as well as the role of culture in uniting people around shared 
beliefs and values. The symbolic frame and its underlying values are exempli-
fied in campus symbols, rituals, stories, and, as noted above, the mission and 
vision. Barriers to change when utilizing the symbolic frame include a sense 
of loss of meaning or shared purpose when making major changes, as well as 
a tendency to cling tenaciously to past ways of operating. For example, major 
efforts to change the way STEM students are taught and supported could cause 
stakeholders to undergo a crisis of meaning or purpose—if past ways were not 
effective, how might faculty and staff feel about their work and their role? Strat-
egies to overcome such symbolic challenges include explicit recognition of the 
past, celebrations of future change, and creation of transition rituals, kickoff 
ceremonies, or new symbols associated with the STEM reform project. Leaders 
using a symbolic frame help craft a narrative for why change is needed and use 
common values, such as improving student success, as ways to bolster buy-in.
Multi-frame Thinking: Pulling the frames Together
Bolman and Deal’s (1997) empirical research suggests that leaders are more suc-
cessful and effective when they use multi-frame thinking for conceptualizing 
issues within organizations. Their research also suggests that leaders generally 
tend to use a single or a couple of frames in order to understand and analyze 
issues within an organization. Like other leaders, STEM faculty are often more 
comfortable using a solely structural framework to lead. The complexity of 
STEM reform at the institutional level, however, requires multi-frame leadership. 
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Institutional transformation is inherently a process that involves politics, rela-
tionship-building, and symbolic or visionary elements—multi-frame leadership.
In our study, we saw campuses begin to shift from a focus on just imple-
menting a new pedagogical approach or support program to a broader, multi-
frame approach to the change process. Campus leaders leveraged the power of 
the symbolic frame by creating a shared vision for change in STEM education. 
They attended to the human resource frame by planning meaningful profes-
sional development opportunities for STEM faculty and staff. They considered 
political issues by working to get buy-in from key actors across campus, as well 
as structural issues by reviewing data to understand problems in student suc-
cess. This shift to a multi-frame approach did not happen spontaneously; rather, 
it often happened as a result of campus teams seeking out leadership training 
through groups like Project Kaleidoscope, or being mentored by someone in-
side or outside their organization. Adopting a multi-frame approach to lead-
ership is not easy or automatic, but it is critical for creating lasting change in 
STEM education at the institutional level.
MulTI-level leadershIP
Research on change in colleges and universities demonstrates that systemic 
change occurs when leaders across an institution work in concert toward a so-
lution (Kezar, 2014). STEM reform at the institutional level is unlikely without 
leadership capacity built at multiple levels and harnessed as changes are imple-
mented. Senior leaders have long been documented to be significant players in 
implementing changes, but are generally not brought into STEM reform efforts 
(Henderson et al., 2011; Kezar, 2013). Senior leaders, such as provosts, can shape 
and change incentives and rewards and can create more robust data systems 
to enhance data driven decision-making and foster organizational learning. 
Deans, provosts, and presidents are needed to examine policies around tuition, 
articulation, and course credit. Pressure from external players, such as accred-
iting organizations, legislative bodies, government agencies, and business and 
industry leaders, has also been well-documented; senior administrators are also 
positioned to use these as a lever for STEM reform (Eckel & Kezar, 2003).
Middle-level leaders, such as department chairs, are important for sen-
semaking; they might create a departmental learning community on active 
learning, have discussions about learning goals and competencies, support in-
structional and curricular changes, or help faculty in obtaining professional de-
velopment to conduct assessment. Department chair leadership programs have 
been shown to be instrumental to other types of STEM changes, such as get-
ting more women and underrepresented minorities into STEM disciplines as 
 InSTITUTIonAL TrAnSForMATIon In STEM 45
faculty through ADVANCE grants (Rosser, 2009). Individual campuses are in-
creasingly offering department chair training because they recognize that these 
individuals are critical to policy implementation; however, recent studies also 
demonstrate their important role in change. Grassroots faculty leaders are also 
needed to motivate their colleagues and obtain buy-in for change, and advisors 
in student affairs are needed to help students obtain support or relevant career 
and academic information. Faculty and staff leaders often pilot or test new pro-
grams and interventions and conduct assessment of these programs. Leaders at 
all levels are critical for altering the culture by reshaping values and redefining 
what is considered normative. 
ConClusIon
Our hope in reviewing the literature on change and describing how these prin-
ciples are embedded in one recent initiative—the Keck-PKAL project—is that 
other STEM leaders will understand that a systems approach is needed for 
change in STEM. Furthermore, cultural change is necessary for meaningful in-
stitutional STEM reform. Creating cultural change on campuses will require 
a complex and multi-faceted approach and a strong understanding of institu-
tional culture, as well as attention to sensemaking strategies, organizational 
learning, multi-frame thinking, and multi-level leadership. 
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The Role of Cultural Change in Large-Scale 
STEM Reform: The Experience of the AAU 
Undergraduate STEM Education Initiative
Emily R. Miller and James S. Fairweather
The need for improving undergraduate STEM education has received increased 
attention and taken on new urgency in recent years. New research on teaching 
and learning has led to the development of instructional methods that are more 
engaging and more effective at helping students learn than the long-established 
model of the expert lecturer transmitting knowledge. These teaching practices, 
which encourage student engagement and active learning, have been docu-
mented and affirmed by recent high-level reports and policy papers (Freeman 
et al, 2014; Handelsman et al, 2004; Singer et al, 2012; NRC, 2015). There also is 
robust evidence that active learning pedagogies can positively impact the per-
formance and persistence of underrepresented students (Freeman et al, 2011; 
Lorenzo et al, 2006; Eddy & Hogan, 2014). 
At the same time, the national policy environment is reflecting a more co-
ordinated vision and effort to improve undergraduate STEM education across 
and within relevant organizations and actors (AAAS, 2011; ACS, 2010; ASEE, 
2013; Fry, 2014; NRC, 2009, 2013; NSTC, 2013; PCAST, 2012). We have seen a 
shift away from isolated directives within individual disciplines (e.g., calculus 
reform, change in the ABET engineering program accreditation criteria to re-
flect improvement in student learning) and nationally funded efforts that do not 
require long-lasting and institutional reforms within colleges and universities 
(e.g., the funding of individual course and curriculum development projects by 
the NSF; Fairweather, 2008). A selection of current examples that demonstrate 
this shift toward larger-scale change include the portfolio of multi-institution 
reform efforts committed to improving instructional practices funded by The 
Leona M. and Harry B. Helmsley Charitable Trust, the HHMI sustaining ex-
cellence institutional awards aimed at helping improve persistence of students 
studying STEM disciplines and reinvigorating introductory science courses, 
and the NSF Improving Undergraduate STEM Education (IUSE) solicitation 
that has an institutional transformation track. 
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Despite this movement toward developing and supporting systemic re-
form in STEM undergraduate education, a majority of university STEM faculty 
members who teach undergraduate science and engineering classes have re-
mained inattentive to the shifting landscape. Student-centered, evidence-based 
teaching practices are not yet the norm in most undergraduate STEM educa-
tion courses, and the desired magnitude of change in STEM pedagogy has not 
materialized (Anderson et al, 2011; Dancy & Henderson, 2010; Dancy et al, 
2013; Eiseman & Fairweather, 1996; Fairweather & Beach, 2002; Fisher, Zelig-
man, & Fairweather, 2005; Henderson et al, 2007, Singer et al, 2012). 
A principal reason for the lack of widespread pedagogical reform in STEM 
is the use of theoretical perspectives whose focus is primarily on individual 
faculty members and the students in their classrooms (Dancy & Henderson, 
2005; Fairweather, 2009). Much of this literature centers on micro-level assess-
ments of the classroom, which is crucial to assessing the effect of pedagogy on 
student learning, but does not address the importance of the dissemination and 
institutionalization of reforms. It often ignores the larger environment, such as 
institutional culture, disciplinary and departmental contexts, and the role of 
philanthropy, governing bodies and accrediting organizations. In addition, a 
micro-level focus on reform does not take into account the costs and political 
challenges in scaling up reforms (Fisher, Fairweather, & Amey, 2003). Concern 
about more macro-level environments requires a change in assessment from 
looking for benefits and learning outcomes to a more nuanced consideration 
of factors that facilitate, impede, or influence wide-spread transformation in 
undergraduate STEM education. 
To increase the implementation of instructional strategies shown to be ef-
fective requires a model of change, including the roles of research evidence, 
leadership, resources, faculty workload and rewards, and resources. In this con-
text, empirical evidence is only one part of the reform effort. As Fairweather 
(2008, p.11) has explained, “research evidence of instructional effectiveness is a 
necessary but not sufficient condition. . . .” for faculty to change their teaching 
practices. Fairweather suggests that the assumption that “the instructional role 
can be addressed independently from other aspects of the faculty position, par-
ticularly research, and from the larger institutional context” is misguided (2008, 
p. 3). Given the size and scale of higher education, changing individual faculty 
members or even isolated departments will have minimal impact. To achieve 
long-lasting and broadly disseminated educational reforms, efforts must go well 
beyond this micro-level focus on individual faculty members. 
Fairweather (2008) and Austin (1996, 2011) recommend that sustain-
able STEM reform requires engaging institutional leaders such as department 
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chairs, deans, and presidents in rethinking institutional structures and culture. 
Austin (2011, 2014) also recommends that a variety of external stakeholders, 
such as disciplinary societies, government agencies, and employers, are crucial 
to long-lasting change. Further, a recent case study of undergraduate STEM 
reform conducted at the University of Colorado Boulder concludes that top-
down and bottom-up reforms alone are inadequate for sustained institutional 
improvement to undergraduate education; middle-out reforms are also required 
(Corbo, 2014). Past efforts to increase emphasis on teaching have likely failed 
because they focused too little on cultivating change at the departmental and 
college levels. In sum, transforming undergraduate STEM education requires 
multiple facilitators or “levers” pushing for change that can counterbalance the 
forces that sustain ineffective instructional practices and address the obstacles 
inherent in the system in which educational innovations take place (Anderson 
et al., 2011; Austin, 2011; Beach et al., 2012). 
aau undergraduaTe sTeM eduCaTIon InITIaTIve
The Association of American Universities (AAU) staff had long recognized that 
member institutions were vulnerable to criticism about undergraduate science, 
technology, engineering and mathematics (STEM) teaching, learning, and re-
tention. A 2009 survey of AAU member institutions’ activities in undergradu-
ate STEM education revealed very few that focused on pedagogy inside the 
classroom. 
In an effort to initiate action, AAU staffed gathered data to map major as-
sociation and disciplinary society efforts in STEM reform and to identify areas 
of overlap among various organizations. As a part of this effort, AAU developed 
a matrix of STEM undergraduate education reform efforts. The association also 
convened an advisory committee composed of national experts in undergradu-
ate STEM teaching and learning. AAU wrote a discussion draft that framed the 
issue and defined the niche focus of the AAU Undergraduate STEM Educa-
tion Initiative (“initiative”) (AAU 5-Year Initiative to Improve Undergraduate 
STEM Education Discussion Draft, October 2011). 
In 2011, AAU launched a five-year initiative in partnership with member 
institutions to improve undergraduate teaching and learning in STEM fields. 
The overall objective of the initiative is to influence the culture of STEM de-
partments at AAU institutions so that faculty members are encouraged and 
supported to use teaching practices proven by research to be more effective in 
engaging students in STEM education and in helping students learn. 
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The goals of AAU’s STEM Initiative are to:
1. develop a framework for assessing and improving the quality of STEM 
teaching and learning;
2. support AAU STEM project sites at a subset of AAU universities to 
implement the framework, and develop a broader network of AAU 
universities committed to implementing STEM teaching and learning 
reforms; 
3. explore mechanisms that institutions and departments can use to 
train, recognize, and reward faculty members who want to improve 
the quality of their STEM teaching;
4. work with federal research agencies to develop mechanisms for recog-
nizing, rewarding, and promoting efforts to improve undergraduate 
learning; and
5. develop effective means for sharing information about promising 
and effective undergraduate STEM education programs, approaches, 
methods, and pedagogies.
The work currently is supported by grants from The Leona M. and Harry B. 
Helmsley Charitable Trust and from the National Science Foundation WIDER 
and IUSE programs. AAU also received funds from Burroughs Wellcome Fund 
and Research Corporation for Science Advancement to support the develop-
ment of a broader reform network. 
an alTernaTIve PersPeCTIve on reforM
The initiative from the beginning has been informed by broader theoretical per-
spectives about organizational and cultural change in academia and about fac-
ulty work and rewards. Theory informs the initiative in two principal ways: 
(1) “to influence the culture of STEM departments at AAU universities so that 
they will use sustainable, student-centered, evidence-based, active learning 
pedagogy in their classes, particularly at the first-year and sophomore levels” 
and (2) to develop and use a framework for reform based on culture change 
(AAU, 2011). 
With a focus on changing the culture of higher education as its over-
reaching goal, the initiative took a more systemic view of educational reform 
within academia, including understanding the wider setting in which educa-
tional innovations take place—the department, college, institution, and na-
tional discipline. 
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MakIng IMProvIng undergraduaTe sTeM eduCaTIon a PrIorITy
The initiative has benefitted from a confluence of various events and environ-
ments. The external environment was ripe. We now have available literature to 
know what types of instructional practices work (Singer et al, 2012; NRC, 2015) 
and that the primary focus must be on strategies to implement them (PCAST, 
2012). Concern about the cost to students and completion rates in STEM, as 
well as the increasing importance of STEM preparation in the global economy, 
have made improvement in undergraduate education a priority of the U.S De-
partment of Education, the NSF, and other national associations. 
AAU as an organization also has played an important role. When Hunter R. 
Rawlings III became AAU’s president in 2011, he made it clear that this was a 
priority area for the association. Unique in its history, the AAU has used its po-
sition with its member institutions to build an effective network among mem-
bers to promote reform in undergraduate STEM education. Also crucial has 
been the role of the leadership in AAU institutions in highlighting the impor-
tance of lower-division STEM courses at institutions whose primary focus is 
graduate education and research. 
fraMework: generaTIng buy-In To a sysTeMs aPProaCh
AAU developed a Framework for Systemic Change to Undergraduate STEM 
Teaching and Learning to identify the relevant influences on sustainable local 
STEM reform, including national, institutional, and departmental actors (Fig-
ure 1). The framework was developed in collaboration with member univer-
sities. This approach combined top-down support for STEM undergraduate 
reforms in a manner that encouraged local institutions and their faculties to buy 
into the initiative. The core of AAU’s framework is pedagogy: the practices used 
by faculty members to engage students and guide and support their learning. 
To successfully enact and institutionalize the use of evidence-based teaching 
techniques, two layers around this pedagogical core are necessary: scaffolding, 
or support, for both faculty and students, and larger cultural change to facilitate 
changing teaching practices. Ultimately, at an institutional level the Framework 
provides a set of key elements that need to be addressed to bring about sus-
tainable change. The Framework also can take into account the wide variety 
of settings in which academic work takes place; different strategies will almost 
certainly be used to achieve improvement in STEM teaching and learning at 
different institutions. From a multi-institutional perspective, the Framework 
provides a unifying goal and a commitment to a systems approach to change 
(Kania and Kramer, 2011). 
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exPeCTaTIons for aau sTeM InITIaTIve ProjeCT sITes
AAU selected eight member campuses to serve as project sites. Over three years, 
each of the eight project sites will implement a major undergraduate STEM 
education project that incorporates key elements of the Framework. Th e eight 
sites were chosen from among 31 AAU universities that submitted concept pa-
pers. A number of criteria were considered, such as the degree of department 
and faculty engagement, institutional commitment, likelihood of sustained or-
ganizational change, and commitment to evaluation and assessment. A lesson 
learned by AAU is that a well-framed request can direct and focus a proposed 
scope of work and can insist upon the integration of critical elements into pro-
posed projects.
In addition, the process was designed to ensure that project sites represent 
the diversity of the AAU membership (i.e., public and private universities, large 
and small enrollments) and that they address a wide range of the elements out-
lined in the Framework. AAU STEM Project Sites are carrying out projects that 
focus on overcoming a specifi c challenge their campus encounters in improv-
ing undergraduate STEM teaching and learning. Ultimately, these project sites 
serve as laboratories to implement the Framework and are the fi rst phase in an 
eff ort to encourage broad-based reform of undergraduate teaching practices at 
AAU research universities and beyond. 
fIgure 1. The framework provides a set of key institutional elements that need to be 
addressed in order to bring about sustainable change to undergraduate sTeM teaching 
and learning. The core of the framework is pedagogy, the practices used by faculty 
members to teach students and guide and support their learning. Two layers around 
this pedagogical core are necessary—scaff olding and cultural change—to incubate and 
then sustain evidence-based teaching. 
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aau undergraduaTe sTeM eduCaTIon  
InITIaTIve ProjeCT sITes
Brown University: The project focuses on gateway courses in physics, ap-
plied mathematics, chemistry, and engineering by introducing intensive, 
small group, collaborative problem-solving sessions. Facilitators for the 
sessions represent all levels of the Brown community, from faculty to 
postdocs to graduate students to undergraduate students, all collaborat-
ing together to improve STEM education. The goals of these problem-
solving sessions are to provide a student-centered learning process, a 
community within and across courses, and a larger context in which 
students can situation their disciplinary knowledge. Future reform ef-
forts will focus on (a) creating a template for “AAU STEM” courses that 
will establish a new norm in introductory STEM education at Brown, 
(b) building a “train-the-trainer” program through Brown’s Sheridan 
Center for Teaching and Learning in which graduate student instruc-
tors become the change agents behind the pedagogical strategies used in 
problem-solving sessions, and (c) providing a forum for past and present 
“AAU STEM” instructors to engage one another as a community of in-
novative educators.
Michigan State University: The project focuses on the transformation of 
the large gateway courses in biological sciences, chemistry, and physics. 
MSU is bringing together faculty from these disciplines to identify core 
ideas in the disciplines, crosscutting concepts that span disciplines, and 
science practices that allow students to use knowledge. Engaging faculty 
in this process opens up both departmental and interdisciplinary con-
versations about the goals and emphases of the gateway STEM courses. 
MSU will develop assessments that emphasize both these core ideas and 
scientific practices. MSU has also established the STEM Gateway fellow-
ship for faculty who teach these courses, which will further develop the 
community involved in transformation efforts. 
The University of Arizona: The project focuses on the redesign of foun-
dational courses in biology, chemistry, chemical engineering, computer 
programming, and physics that serve thousands of STEM majors. The 
curricula and teaching practices in these courses are being critically ex-
amined to emphasize core disciplinary ideas, problem-solving abilities, 
critical thinking, and teamwork, to ensure students develop meaningful 
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understandings and analytical reasoning skills. The University of Ari-
zona is also promoting a change in faculty culture by leading STEM 
faculty learning communities, teaching talks, and workshops, offering 
innovative teaching awards, and making changes in promotion and ten-
ure policies toward teaching.
University of California, Davis: The mission of the AAU-UCD partner-
ship is to foster evidence-based, sustainable innovation in STEM in-
struction. UCD aims to do so through development of cultures of data 
and evidence around instruction and learning that encourage experi-
mentation, build urgency, and enable change. As part of, and to highlight 
change, large-scale introductory courses are targeted for evidence-based 
experimentation that will be thoroughly assessed and results shared 
within and between STEM departments. 
University of Colorado, Boulder: CU Boulder aims to improve under-
graduate STEM education by professionalizing educational practice 
through measurement, assessment, and cultural change. The focus is 
on department-wide change to achieve more coherent, long-lasting re-
forms. The project uses a three-layer approach: (1) work with individual 
faculty and groups of faculty to support transformation of high-impact 
and high-need courses within individual STEM departments (bottom 
up); (2) apply targeted approaches to individual departments to stimu-
late cultural change (middle out); and (3) work with the administration 
and faculty senate to promote and incentivize the use of evidence-based 
teaching practices (top down). CU Boulder supports these three layers 
with infrastructure provided by the AAU and our collaborations with 
our Office of Informational Technology (OIT) to develop and import 
technology for better utilizing already existing institutional student data.
The University of North Carolina at Chapel Hill: UNC-CH is creating a 
support framework to facilitate the implementation of evidence-based 
teaching practices in large courses that have traditionally been taught 
by the lecture method. The principal goals are to continue the transi-
tion of our large lecture gateway courses in biology, chemistry and 
physics-astronomy into high-structure, high-engagement learning envi-
ronments consistent with best practices in science education. To achieve 
widespread adoption of evidence- based methods among faculty across 
ranks, UNC-CH is developing and implementing a mentor-apprentice 
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program that facilitates the transfer of effective techniques from men-
tors with experience in evidence-based practices to apprentices, who are 
faculty members with less experience in these methods.
University of Pennsylvania: Penn’s AAU/STEM Initiative seeks to im-
prove introductory courses in mathematics, chemistry, physics, and 
bioengineering through teaching practices that foster active learning 
and enable students to gain a sense of engagement in these disciplines. 
Penn’s initiative supports faculty in developing Structured, Active, In-
class Learning (SAIL) and evaluating the impact of that teaching. This 
includes disseminating of SAIL practices across campus, developing ap-
propriate classroom spaces, and providing support for video creation. 
As part of this plan, Penn has constituted a faculty board to help depart-
ments better understand how students apply materials from introduc-
tory courses as they take courses in other departments.
Washington University in St. Louis: The overarching mission is to fos-
ter broad-based incorporation of effective active-learning techniques in 
STEM courses throughout the university. For students, the goals are to 
increase engagement, achieve long-term retention of information and 
deeper conceptual understanding, and increase satisfaction and persis-
tence in STEM career paths. For faculty, the aim is to impart and reinforce 
knowledge of active learning and successful implementation strategies, 
and to increase the number of faculty who incorporate and evaluate the 
impact of active learning in their courses. Lastly, at an institutional level, 
the focus is on evaluating project work and promoting cultural change 
toward these evidence-based pedagogies. 
engagIng all of The aau MeMbershIP
AAU is actively bringing together more campuses from among its members to 
form an AAU STEM Network. We envision a collaborative network that will 
help to support and link AAU institutions grappling with similar challenges 
and barriers in reforming and improving STEM teaching and learning for un-
dergraduate students. The network will provide a forum to facilitate ongoing 
interaction and exchange of information and ideas between all AAU institu-
tions, as well as cultivate relationships among those leading reform efforts on 
their own campus. 
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This effort to form a network is supported by research from Fairweather 
(2009), Eckel and Kezar (2003), and Kezar (2001) that demonstrates changes 
in higher education do not come simply from sharing of evidence about best 
practices, as has often been assumed in current and past STEM initiatives. Re-
lationships and networks more strongly impact changes in ideas and practices 
(Valente, 1995; Rogers, 2003). 
CoordInaTIng MoMenTuM
AAU works closely with other key organizations to coordinate our activities 
related to undergraduate STEM reform, including the Association of Pub-
lic and Land-grant Universities (APLU), Association of American Colleges 
& Universities (AAC&U) Project Kaleidoscope, the Bayview Alliance (BVA), 
the American Association for the Advancement of Science (AAAS), the Busi-
ness Higher Education Forum, the Cottrell Scholars, and other higher educa-
tion associations and disciplinary societies. Earlier research not only supports 
the benefits of moving beyond a change model focused on individual faculty, 
but also supports working with key organizations at multiple levels to reshape 
norms and incentives. A few broader efforts by larger organizations, such as 
disciplinary societies or accreditors, exist that demonstrate promise in promot-
ing reform efforts. The Accreditation Board for Engineering and Technology 
(ABET) engineering program accreditation criteria focused on implementing 
student outcomes assessment and helped to fuel significant change nationally 
(Lattuca et al., 2006). NSF funded engineering coalitions (e.g., ECSEL), which 
lead to widespread change within the funded institutions. As Austin (2011, 
2014) has identified, systemic change in higher education will mean garnering 
support from multiple levels—departments, institutions, and other key groups 
that drive norms, such as the AAU. If disciplinary societies, philanthropy, na-
tional associations, or key external agencies are not engaged, it may signal a lack 
of alignment in norms and prevent scale of changes (Fry, 2014). Through the 
initiative, AAU is attempting to convene and align these various norm-driving 
groups. 
early IndICaTIon of Progress
AAU is excited by the visible momentum to improve undergraduate STEM 
teaching and learning at our member campuses. Through AAU STEM Initiative 
workshops and conferences, the collection of baseline data, individual project 
site annual reports, campus visits to AAU member institutions, and oppor-
tunities to engage with AAU member institutions at national meetings, AAU 
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has gained a deeper appreciation of the project’s goals and objectives, imple-
mentation and progress. In addition, the information we have gathered from 
these sources has allowed AAU to begin to assess the effects of the AAU STEM 
Initiative.
launChIng The InITIal seT of aau  
deMonsTraTIon ProjeCTs
All eight AAU STEM project sites launched their campus reform efforts in the 
fall 2013 semester. Each site has also submitted their first interim report, which 
includes details of their activities, progress towards benchmarks, and chal-
lenges. More than 58 courses were directly impacted by redesign efforts at the 
eight sites. These courses enrolled well over 50,000 undergraduate students, the 
large majority of which were freshmen and sophomores. Around 150 tenure-
track or tenured faculty and a nearly equal number of non tenure-track faculty, 
as well hundreds of lecturers and graduate and undergraduate assistants, were 
involved in instruction for these courses. Note that some courses were offered 
multiple times and in multiple sections, and these figures separately count each 
time a student or instructor was involved in course offerings. 
A substantial amount of additional support for work at the individual proj-
ect sites has been provided by the institutions themselves as well as outside 
sources including the Bill & Melinda Gates Foundation, the Sloan Foundation 
and the National Science Foundation. 
The AAU project team has visited all campuses. In addition to providing 
significant insights into the nuances of the work on individual campuses, site 
visits reinforced the visibility and credibility of people working on the projects, 
especially with their campus leadership. Below provides a partial summary of 
project site activities organized by the Framework:
Pedagogy
Course Redesign: Each site worked on redesigning a handful of introductory 
STEM courses. These courses spanned at least two departments, many sites 
committing to inter-departmental collaboration during the redesign. As ex-
amples, Brown University incorporated an element of student collaboration 
and problem-solving sessions to practice course concepts, and the University 
of Arizona redesigned five STEM classes modeled on a centerpiece reformed 
course sequence in general chemistry.
Student Learning: Through pre- and post-test methods, many of the sites, in-
cluding University of California-Davis, University of Arizona, and University of 
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North Carolina-Chapel Hill, gathered baseline data on the learning outcomes 
of students in redesigned courses, in addition to the baseline data requested 
by AAU. 
scaffolding
Faculty Support: All sites indicated a commitment to supporting faculty in 
evidence-based teaching techniques with varying approaches. Examples of ap-
proaches to support improved faculty instruction include developing mentoring 
and apprenticeship programs at the University of North Carolina-Chapel Hill, 
as well as collaborating with teaching and learning centers to provide training 
for faculty (examples include the University of Pennsylvania and Washington 
University in St. Louis). In addition to providing training and learning com-
munity groups for faculty, several project sites also have developed assessment 
tools aligned with the AAU Framework to monitor changes in faculty instruc-
tional practices. For example, Michigan State University has developed two new 
assessment protocols and is using video recordings to observe effectiveness of 
teaching and to make improvements. Likewise, the University of Colorado 
Boulder (with shared technology from University of California-Davis) is devel-
oping department-level toolkits for measurement analytics. 
Culture Change
Institutional Commitment: Project sites report institutional support from lead-
ers in many forms. At University of Pennsylvania, statements about the uni-
versities long-term support for the initiative are manifest in investments made 
by the central administration in buildings, classroom spaces and other infra-
structure on campus. At Washington University in St. Louis, the redesign of the 
introductory curricula has support from the Office of the Provost, and a com-
mittee was established to ensure this curriculum is offered in fall 2015.
Teaching Excellence: Each project site made some effort to incentivize faculty to 
engage in pedagogical reform. Several institutions studied how to make formal 
reward and faculty evaluation systems align with a commitment to student-
centered pedagogy. The level of detail varied substantially, as did the extent to 
which campus teams made explicit the difference between written policy per-
taining to the importance of teaching and the way in which the policy was ac-
tually implemented within departments on their respective campuses. In the 
annual reports, four of the eight sites addressed the promotion and tenure sys-
tem explicitly. Two made a serious effort to align their promotion and tenure 
policies with practice when it comes to valuing and recognizing faulty invest-
ment of time in pedagogic reform.
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aau and InsTITuTIons agree on baselIne daTa eleMenTs 
and begIn daTa ColleCTIon
As discussed in Chapter E4, AAU developed a set of baseline measures to study 
the improvement of STEM undergraduate education. These measures were 
tested for validity, reliability, and acceptability to each project site. After several 
months of back and forth, each site agreed to use the instrument to gather base-
line information. All project sites have submitted these data to AAU. Though 
we are still in the process of assessing this data, two main observations include: 
(1) awareness of good instructional practices is more likely than their use (that 
is, faculty attitudes and practices are not fully aligned), and (2) although insti-
tutions are conveying the message about the importance of teaching, instruc-
tors do not believe that teaching is given high importance in their own reviews 
and promotion/tenure processes. This information comes from a survey of in-
structors across the eight project sites. Over 1,000 instructors responded to the 
survey; about two-thirds are tenured or tenure-track faculty, but instructors, 
lecturers, and graduate students are all well- represented. Respondents span 
the disciplines; about 60% referred specifically to a lower-division course they 
had taught.
We also collected data on campus infrastructure. There was variation be-
tween institutions, and between departments at single institutions, but depart-
ments identified lack of flexible space for teaching and learning, and lack of 
staff support for teaching as the weakest areas. The ability of classrooms to ac-
commodate special needs, the presence of learning centers, and support for 
electronic resources were identified as strengths overall. 
The process for collecting baseline data from the project sites included a re-
quest that the chairs of all impacted departments write a summary of the evalu-
ation of teaching for salary increases and for promotion and tenure. Thirty-one 
department chairs from across seven of the sites responded with statements 
from one to three pages in length. The statements had much in common, in-
cluding strong assertions that teaching is highly valued. All departments make 
use of student evaluations at the end of courses, and some level of peer obser-
vation. Many have some kind of annual award for excellence in teaching. Most 
provided conventional descriptions of review processes and the provision of 
feedback to faculty members. 
From most of the statements it would be impossible to discern whether 
attention to student-centered, active or evidence-based pedagogy was recog-
nized or required. Only six of the thirty-one had some form of explicit state-
ment that included “introduction of innovative methods,” or “introduction 
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of active learning techniques,” among the key criteria for excellence in teach-
ing for tenure-track faculty. Interestingly, two more included such criteria for 
their lecturers but not their tenure-track faculty. Three of the six were explicit 
about their encouragement of active learning methods, via department dis-
cussion or department funding of attendance at one of the faculty trainings 
provided by their discipline. Another seven of the 31 had some statement that 
could be classified as permissive, for example, “the committee will review and 
consider any other elements the faculty member includes in their personal 
statement,” or “publications or presentations on education may also be con-
sidered among the criteria for excellence in teaching,” or “the time taken to 
introduce new methods is factored into the consideration of total workload,” 
or “attendance at local or national meetings on education is taken as evidence 
of commitment to teaching.” One explicitly acknowledged that student evalu-
ations might drop in the first run of a new approach, and that this is taken 
into account.
aau and deMonsTraTIon unIversITIes share fIndIngs In ways 
ThaT are useful exaMPles for oTher InsTITuTIons
An illustrative example occurred in May 2014 when teams from project sites 
were brought together at AAU. Campuses were urged to bring representatives 
of campus leadership, as well as faculty who are part of their teams. The goals of 
this meeting were to build wider awareness among the campuses of approaches 
being taken, to facilitate connections among groups using similar approaches, 
and to create a forum in which there could be candid conversation about chal-
lenges. One outcome of this meeting was the realization by project sites about 
why they were selected as part of the initiative. They learned that AAU selected 
them both for the promise of their proposals and because they represented the 
full array of AAU institutions. Project sites learned that they were all starting 
from distinct points in the innovation process. This realization improved sub-
sequent cross-project site communication. 
As evidence of further momentum, we hosted an AAU STEM Network 
conference in July 2014. We had an excellent turnout—representatives from 41 
(out of 62) AAU universities. During the opening night reception, participating 
campuses presented posters showcasing their undergraduate STEM education 
reform efforts relevant to the Initiative. During the remainder of the confer-
ence, AAU STEM Initiative project sites facilitated interactive workshop ses-
sions on common themes campuses confront when reforming undergraduate 
STEM education. 
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AAU publicly launched a website for the STEM Initiative: www.aau.edu 
/STEM. The website supports communication among member universities and 
profiles institutional efforts to reform undergraduate STEM teaching and learn-
ing at AAU member universities. 
ConClusIon
AAU is embarked on a systems approach to improving undergraduate STEM 
education. Based upon our assessment, it is clear that the initiative is having 
a positive impact. It has catalyzed institutional action toward reforming un-
dergraduate STEM education, enhanced communication and collaboration 
on campuses, leveraged campus support (financial and other resources) from 
all levels of institutions, and aligned to some degree efforts to improve under-
graduate STEM education within campuses. It is too early to see the longitudi-
nal impact on items such as student learning and other barometers of cultural 
change, such as promotion and tenure. This is not unexpected—achieving cul-
tural reform is difficult and long-term. And any measures of cultural change 
will be difficult to directly attribute to the initiative, but AAU through the initia-
tive is attempting to achieve widespread and sustainable change to undergradu-
ate STEM education at its member campuses.
We understand that the role of a national association such as AAU is a 
poorly understood actor in STEM reforms. And while we think we know what 
is working (as discussed above), we are studying the role of AAU in the reform 
process both to improve the theoretical understanding of organizational reform 
and to provide evidence for future endeavors of this kind. 
As the senior co-author of this paper has observed, I have never been more 
optimistic that the various components needed for successful institutional 
transformation are in place.
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Increasing Student Success in STEM:  
An Overview for a New Guide to Systemic 
Institutional Change
Susan Elrod and Adrianna Kezar
For the past 20 years, countless reports have been issued calling for change and 
reform of undergraduate education to improve student learning, persistence 
and graduation rates for students in STEM; however, by many measures, rec-
ommendations in these reports have not been widely implemented (Seymour 
2002; Handelsman, et al. 2004; Fairweather 2008; Borrego, Froyd and Hall 
2010). Aspirational student success goals in STEM have been set most recently 
by the President’s Office of Science and Technology (PCAST) report, entitled 
Engage to Excel: Producing One Million Additional College Graduates in Sci-
ence, Engineering, Technology and Mathematics (2011). This report states that 
STEM graduation rates will have to increase annually by 34% to meet this goal. 
On most campuses, the persistence and graduation rates of underrepresented 
minority (URM) and first-generation students still lag behind those of their 
majority counterparts. Thus, in order to reach the aspirational graduation rates 
called for in national reports, a focus on URM and first-generation student suc-
cess is imperative. 
Many change efforts have been started, almost always at the departmen-
tal level; however, few have reached the institutional level of entire programs, 
departments, or colleges in the STEM disciplines, described as necessary in 
these recent reports. There is growing recognition that reform in STEM is an 
institutional imperative, rather than only a departmental one. Student advising, 
faculty professional development, student research mentoring, academic sup-
port programs, clear STEM-focused institutional articulation agreements, ex-
ternal partnerships with business and industry related to internships and other 
research experiences, among other critical areas, are often overlooked within 
reform efforts and have been identified as central to student success. Research 
has emerged that demonstrates the importance of a broader vision of STEM 
reform for student success—moving from programs and departments to an in-
stitutional effort. For example, institution-wide implementation of high-impact 
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practices (HIPs) has shown to dramatically improve the graduation rates of 
URM students (Kuh and O’Donnell, 2013). 
The Meyerhoff Scholars Program at the University of Maryland, Baltimore 
County, epitomizes this type of institution-wide effort and combines specific 
academic, social and research support interventions that have resulted in dra-
matic improvements in graduation of minority STEM students (Lee and Har-
mon, 2013). 
The Keck/PKAL model outlined in this article provides both a process and 
content scaffold for campus leaders to plan, implement, assess and evaluate 
change efforts in undergraduate STEM education in a way that goes beyond 
redesign of a single course or isolated program. We have learned from our own 
work, as both researchers and practitioners, that institutional change is best ex-
ecuted by a cross-functional team working together. Support of leaders across 
campus is critical, including grassroots faculty leadership, mid-level leadership 
among department chairs and deans, and support from senior leaders in the 
administration.
This article provides an overview of the Keck/PKAL project, which was 
generously supported by the W.M. Keck Foundation and involved 11 campuses 
in California, including California State Universities, private liberal arts col-
leges and research universities (Box 1). 
The project was aimed at helping California colleges and universities pro-
mote institutional-level STEM-reform efforts. Campus case studies that de-
scribe institutional STEM-reform journeys are posted on the project website 
and will be published in the Spring 2015 issue of Peer Review (aacu.org) and 
referenced in a detailed guidebook to be published by AAC&U, entitled Increas-
ing Student Success in STEM: A Guide 
to Systemic Institutional Change (Elrod 
and Kezar, in press). The guidebook is 
for campus leaders who have convened 
(or will convene) teams comprised of 
faculty members, department-level 
leaders, student affairs professionals, 
appropriate central administration of-
ficers, institutional research and/or 
undergraduate studies offices. Each 
case study highlights the elements of 
the Keck/PKAL model for effective 
institutional change for increasing stu-
dent success in STEM that was devel-
oped during this three-year project. 
box 1: Participating Institutions
•	 California State University, East Bay
•	 California State University, Fullerton
•	 California State University, Long Beach 
•	 California State University, Los Angeles 
•	 San Diego State University 
•	 San Francisco State University 
•	 W.M. keck Science Department of 
Claremont Mckenna, Pitzer and Scripps 
Colleges 
•	 University of San Diego 
•	 University of La verne 
•	 The California State University 
Chancellor’s office 
•	 University of California, Davis 
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While the soon-to-be-published guidebook provides additional back-
ground information, in addition to detailed case studies and tools for guiding 
institutional transformation, this paper summarizes key elements of the Keck/
PKAL model and highlights some of the major lessons learned from this project. 
The keCk/Pkal Model
The Keck/PKAL model for effective institutional change outlines both a pro-
cess and content that will lead to increased student success in STEM. Although 
focused on STEM, it is applicable to any change process that is focused on im-
proving student learning and success. The elements of the model are illustrated 
in Figure 1 and described in Table 1. 
The model is shown in the context of a river because the flowing nature 
of a river represents both the flowing nature of change and the dynamic and 
powerful process of change. The flow (change process) encounters obstacles 
(challenges presented by certain aspects of the change process) that may result 
in an eddy where the flow circles around the obstacle until it can break free. 
The resulting eddy motion is an apt analogy for the circular swirl, or iterative 
process, that campus teams experience when they encounter resistance or chal-
lenges along their path toward reform. When this happens, teams must work 
through the issue by determining the nature of the challenge and figuring out 
how to get the flow going again in the desired direction. Travelers on the river 
may enter at various points or “put out” at certain locations to rest and regroup. 
New travelers may enter and join a party already on a journey down the river. In 
the same way, teams working on a systemic change initiative may start at differ-
ent points, alter membership, or even stop out for periods of time because other 
campus priorities emerge, team members take on other duties, campus leader-
ship changes, or other factors. Like paddlers on a river, change doesn’t always 
go in one direction. Teams can paddle up or downstream, although the general 
flow will ultimately go downstream toward action and success. 
Our approach to change in this project is based on practices of organiza-
tional learning. Within this approach, information gathering and data analysis 
play a central role in helping individuals identify directions and appropriate 
interventions for making strategic forward progress. Participants in an effec-
tive organizational learning process must engage the data, and find time for 
reflection, and dialogue. Forming non-hierarchical teams enhances learning 
and developing innovative approaches. This means having campus teams look 
at data related to student success in order to determine the specific challenges 
and problems, and to orient themselves toward a vision for change. But an or-
ganizational learning model also focuses on learning throughout the change 
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process. The model is focused on facilitating organizational learning, but it also 
incorporates key ideas from other research on change, such as: the need to ad-
dress politics, developing buy-in and a shared vision, understanding the power 
of organizational culture, and helping campus leaders unearth underlying as-
sumptions and values that might create resistance to change.
Our work with the change process at several campuses elicited a number of 
common challenges and barriers, including a rush to implementation and the 
presence of implicit biases. The most common obstacle was that campus leaders 
wanted to start by immediately implementing a strategy that they read about 
in a report or publication. While news of a successful program may motivate 
change, it is important to check in with campus vision and landscape analy-
sis before jumping into implementation of the latest published student success 
strategy. It may or may not fit your campus situation, student population, fac-
ulty expertise or resources. In our project, campuses that jumped right into a 
strategy without first assessing the fit of the strategy for their campus context 
struggled with purpose, outcomes, implementation, and impact measurement. 
These quick starters ended up going back to their vision, refining it and doing 
fIgure 1. The Model—visual diagram
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Table 1. Model elements
Model element description
1. vision The vision represents the direction that the campus is aimed in terms of 
altering its STEM experience to support student success. We encourage a 
vision that is clear and shared.
2.  Landscape and 
capacity
A direction forward is typically best created through an analysis of the 
existing landscape (internal campus data, as well as external reports on 
STEM reform), as well as a review of current capacity to engage in change 
generally—such as history of reform, leadership, and buy-in and ownership 
among faculty. This stage focuses on the collecting of data and information 
to conduct analysis.
3.  Identify 
and analyze 
challenges
The landscape and capacity information needs to be analyzed in order 
to identify both challenges and opportunities for the campus. This 
phase often brings in politics and culture that might be sources of both 
opportunities and challenges.




Campuses need to familiarize themselves with a host of strategies or 
interventions that they might choose from to address the challenges 
identified. They can examine these strategies in light of the capacity of the 
campus, as well as opportunities identified earlier.
5.  Determine 
readiness for 
action
In addition to reviewing campus capacity and opportunities, there are 
key issues that emerge when implementing specific strategies. These 
include resources, workload, institutional commitment, facilities, timeline 
and other areas. review of these issues is essential in order to ensure that 
the campus is ready to move forward with effective implementation of a 
particular strategy. Campuses will be able to identify opportunities, such as 
a newly established special campus projects fund, a new faculty hire with 
appropriate expertise, etc., that can be leveraged in support of effective 
implementation. This phase also involves exploring campus politics and 
culture.
6.  Implementation Implementation involves drafting a plan for putting the intervention or 
strategies in place. The plan builds on the ideas from the readiness for 
action, capacity of the campus, and opportunities identified. All of these, 
as well as a process for understanding challenges as they emerge, should 
be built into the plan. In addition to a well-laid-out plan, campuses may 
decide to pilot an initiative first and then consider how to modify and scale 
it after an initial trial. 
7. Measure results Campuses will also create an assessment plan to inform whether the 
intervention is working and ways they can be changed over time to work 
better.
8.  Disseminate and 
plan next steps
In order to prevent our work from existing in silos, it is important for 
campuses to think about dissemination opportunities on campus, as well 
as off campus—regionally, statewide or nationally. Deliberate planning for 
next steps is also necessary to keep the momentum going.
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more landscape analyses, which ultimately slowed progress, but improved long-
term success. 
Another common barrier we identified was that campus team members 
held implicit theories of how change happens that were contradictory and often 
contrary to the project’s vision and goals. For example, a common assumption 
among STEM faculty is that meaningful change can only happen in depart-
ments. Faculty that hold this belief will resist examining potential levers outside 
the department that are important to address. These external levers can include: 
mathematics preparation, success in a prerequisite course in another depart-
ment, level of study skills, and institutional support that is critical for sustaining 
change in the long term. Implicit biases can only be revealed through conver-
sations about beliefs, values and practices. Therefore, we encourage teams to 
make their first meeting a discussion about how change occurs and to make 
their implicit theories explicit. What makes this process hard is that implicit 
theories are often unconsciously held. Many people may not be able to articu-
late a theory of change or understand why the model is hard for them to work 
with. It can help just to have the candid discussion among your team members: 
“What do you think it will take to start an undergraduate research program 
here?” 
Other common barriers encountered were: 
•	 Faculty beliefs about their roles as “gatekeepers” or as the “sage on the 
stage,” as opposed to “gateways” or as “guides on the side.”
•	 The lack of faculty expertise in evidence-based STEM education teach-
ing and assessment methods. 
•	 A misguided belief that all faculty and staff share the same vision. 
•	 Failure to examine all the implicit assumptions about the problem, 
possible solutions and approaches; team members’ implicit theories of 
change that may prevent them from engaging in aspects of the work. 
•	 A lack of capacity for data collection and analysis in terms of support 
from centralized offices of institutional research.
•	 Inadequate incentives and rewards for faculty participation in STEM-
reform projects. 
•	 Inadequate planning to secure appropriate buy-in, approval or sup-
port from relevant units, committees or administrators.
•	 Inadequate resource identification or realization. 
•	 Unforeseen political challenges, such as tension regarding department 
“turf,” resource and faculty workload allocation.
•	 Shifts in upper-level leadership leading to stalled support or redirec-
tion of efforts to new campus initiatives (e.g., quarter to semester 
conversion).
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•	 Changes in team membership because of sabbatical leaves or other 
assignments. 
•	 Failure to connect STEM reform vision at the departmental level to 
institutional priorities to secure support and resources.
•	 Lack of consideration about how students will be affected by and/or 
made aware of the changes, including the rationale for them. In order 
for students to fully participate, they need to understand how they will 
benefit from the changes or new opportunities. 
The forthcoming guidebook describing this model includes detailed in-
formation about each element of the model accompanied by an explanation, 
key questions to consider, highlights from campus case studies, challenge alerts 
(mistakes to avoid or pitfalls to be aware of), and timeline considerations. The 
guidebook also contains specific tools to help campus leaders and teams plan 
and manage change initiatives, such as: 
•	 Tools to help campus leaders and teams determine how to get started 
in the process.
•	 A readiness survey to help teams determine whether they are prepared 
to move forward with implementation of their chosen strategies and 
interventions. 
•	 A rubric to help campus teams gauge their progress in the model 
phases. 
•	 Examples of data analyses to conduct, and implementation strategies 
to address common challenges facing STEM programs. 
•	 Suggestions for how to build effective teams, develop leadership ca-
pacity, and sustain change. 
These tools are also included in a practical workbook that is intended for 
use by teams to actively work through the elements of the model. This work-
book and the full-length case studies are available on the project website: 
http://www.aacu.org/pkal/educationframework
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Case studies—Projects at the Institution level
The collection of chapters in this section reflect a variety of approaches to in-
stitutional transformation and represent change initiatives across a continuum 
from early stage (Hogan; Reinholz; Potter; Marker) to mature (Chasteen; McM-
anus; Hastings). Some initiatives, such as those described in the chapter led by 
Hogan, focus on developing models to enhance faculty pedagogical expertise. 
The chapters led by Burd and Franklin examine mechanisms for changing the 
culture of research-intensive universities to better support and value teaching 
excellence. Transformation efforts, as described in this collection, include ini-
tiatives that began as grassroots efforts and grew, such as the CASTLE project 
described by Franklin and the mini grant approach described by Bunu-Ncube. 
Other chapters describe intentional initiatives grounded in specific models of 
change, such as the deliberate bottom-up, top-down model described by Potter; 
the fledgling efforts described by Reinholtz based on systemic change mod-
els; the successful Science Education Initiative described by Chasteen; and 
the CACAO change facilitation model borrowed from the business world that 
Marker presents. The chapter by McManus chronicles the purposeful transfor-
mation of an entire university to more appropriately meet the needs of 21st 
century learners. The collection is rounded out by Hastings’ chapter that reflects 
on the key elements of long-term successful innovations, and Kirkup’s chapter 
that examines strategies for fostering large-scale change in teaching pedagogies 
across a number of institutions using a government-sponsored fellowship as a 




Advancing Evidence-Based Teaching in Gateway 
Science Courses Through a Mentor-Apprentice Model
Kelly A. Hogan, Jennifer Krumper, Laurie E. McNeil,  
and Michael T. Crimmins
Despite a preponderance of evidence in the educational literature support-
ing the efficacy of evidence-based instructional practices in STEM education 
(Nielson, 2011; President’s Council of Advisors, 2012; Singer, 2012), widespread 
adoption of these approaches remains a significant challenge. Such adoption re-
quires educational institutions to change in fundamental ways—adjusting core 
beliefs, behaviors, and structures—and should be expected to meet with signifi-
cant resistance (Henderson, 2005, 2009).
Our approach to implementing widespread change in the culture of teach-
ing and learning in the sciences at UNC-Chapel Hill featured an individual-
centered, largely emergent strategy (Henderson, 2008; Singer, 2012). We focused 
on professional development via the support of mentor-apprentice relation-
ships within the context of teaching reformed curricula in gateway courses. In 
our model, a mentoring teacher (often, a term faculty member, who may have 
a background in discipline-based educational research [DBER]) would partner 
with an apprentice teacher (often, a tenure-track or tenured faculty member) in 
an individual course (chemistry, biology) or as a part of a larger group of faculty 
running coherent, multiple sections of a single course (physics).
Communities of faculty members working together within a discipline are 
exceptionally effective in promoting large-scale educational reform (Sirum, 
2010). Thus, a key element of our strategy was to leverage social networks in the 
form of faculty learning communities (FLCs) to enact cultural change. Evidence 
suggests such networks might be necessary for the dissemination of reformed 
practices and development of emergent practices (Dancy, 2013; Kezar, 2014), by 
providing social incentives for greater change work (Bouwma-Gearhart, 2012). 
In our model, all mentor-apprentice teams participate in interdepartmental 
FLCs (and some in intradepartmental FLCs). These networks provide social 
support, a vehicle for exchange of best practices, and a safe space for program 
participants to voice concerns about challenges to adoption at the department 
level (Bouwma-Gearhart, 2012).
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Strong leadership distributed across ranks, organizational units and roles 
is required for change to propagate successfully through an institution (Kezar, 
2011; Palmer, 1992). As such, faculty members from varied ranks (term faculty, 
and assistant, associate, full, and distinguished professors) and three academic 
units (physics, chemistry, and biology) were invited to participate in the AAU 
program. Further, campus administrators at all levels (dean, provost, chancel-
lor) were brought into the project at the ground level to add institutional and 
financial support for the project agenda. 
In addition to leadership, incentives must exist to foster educational reform 
(Henderson, 2010). Repeatedly found in the literature and with our own inter-
nal data, faculty report the most significant barrier to change is finding time 
(Dancy, 2005, 2010; Henderson, 2007). Thus, our project provided: (1) course 
release time for the development of reformed practices; (2) access to mentors 
with pedagogical, technical, content, and course management expertise (re-
ducing time investment for change); (3) shared course resources (again, saving 
time); and (4) shared duties for course administration (saving time).
Our model is consistent with the AAU framework for change. At the center 
of our model is reform of pedagogy of gateway courses for students in chemis-
try, physics, and biology. Faculty involved in these courses are supported with 
mentorship, social networks, and time to engage. Lastly, strong leadership and 
strong social networks provide a cultural context that will support the sustain-
ability of the reforms. 
our InITIal IMPleMenTaTIon of The aPPrenTICeshIP Model
Our approach to the apprenticeship model varied in each of the three depart-
ments due to the context of the redesigned courses within the department, the 
teaching culture of each department, and the ranks of the apprentices relative 
to their mentor. Thus, our initial implementation allowed us to examine the 
model in triplicate. In all three departments, the structure was similar: The 
mentor-apprentice teams were co-assigned to a single section. From this com-
mon structure, each department implemented the idea slightly differently. The 
biggest difference between our three implementations was in the amount of 
time each apprentice was in front of the class as the “lead teacher”.
Before detailing each department’s implementation, it is worthwhile to note 
some differences among department culture and course formats. In chemistry 
and biology, the course selections do not yet have common syllabi, and the ob-
jectives and pedagogical methods vary widely by section. This project was the 
first attempt at formally transferring common pedagogical ideas from one in-
structor to another. In contrast, physics and astronomy consider their courses to 
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be “owned” by the department and sections are highly coordinated with shared 
objectives, activities, and assessments. Physics and astronomy had a decade of 
experience formally teaching as a team before this project, and already had fac-
ulty in place with a background in DBER when the project began. Physics also 
had a more diverse pool of faculty ready to be mentors, as opposed to lecturers 
in the chemistry and biology departments (Table 1), which only had fixed-term 
faculty members (lecturers) to take this role. Class formats differed, too: In biol-
ogy and chemistry, the courses were large lectures in fixed seats, whereas phys-
ics and astronomy use a lecture/studio format designed to maximize the time 
spent in active engagement.
Chemistry: The apprentice provided the vast majority of in-class instruction, 
and was therefore viewed by students as the primary instructor. The mentor 
largely observed and provided suggestions and feedback to the apprentice after 
class. Occasionally, the mentor offered in-class suggestions to the apprentice 
or taught briefly to demonstrate a teaching technique. In this model, much 
transfer of information about course structure occurred prior to the start of 
the semester and continued in weekly meetings. The apprentice used materials 
provided by the mentor (lesson plans and most course materials) and focused 
on learning the technological and pedagogical tools for high structure teach-
ing in a large class. The mentor coordinated course logistics (scheduling review 
sessions, training and coordinating undergraduate learning assistants, etc.) and 
electronic resources (learning management system administration and elec-
tronic homework). 
Table 1. ranks of apprentices and Mentors in the Three departments for  
Mentor-apprentice relationships from the first Three semesters of aau funding
department apprentice Mentor
Chemistry Distinguished Professor Lecturer
Chemistry Assistant Professor Lecturer
Chemistry Distinguished Professor Lecturer
Biology Assistant Professor Lecturer
Biology Professor Lecturer
Biology Assistant Professor Senior Lecturer
Biology Associate Professor Lecturer
Physics Assistant Professor Associate Professor
Physics Professor Distinguished Professor
Physics Assistant Professor Lecturer
Physics Assistant Professor Professor
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Biology: The apprentice and mentor co-taught the course, and thus, both instruc-
tors were viewed as primary instructors. Both the apprentice and mentor took 
turns leading activities in each class period. There were many similarities to the 
chemistry implementation. For example, the apprentice used lesson plans pro-
vided by the mentor, and weekly meetings were used to learn how to engage the 
students in upcoming activities and to transfer knowledge about typical student 
misconceptions. Additionally, the mentor coordinated course logistics so that the 
apprentice could focus on learning the technological and pedagogical tools. 
Physics & Astronomy: Unlike the typical large lectures of biology and chemis-
try, the lecture/studio format in physics and astronomy typically contains two 
large 50-minute lectures and two separate smaller 110-minute studio sessions 
per week. In this format, the apprentice was not seen as the lead teacher, as the 
apprentice’s initial assignment in the team was to lead a studio section, paired 
with a more-experienced studio instructor (often an experienced graduate stu-
dent). The mentor delivered most of the lectures, keeping them tightly coupled 
with the studio activities. The faculty apprentice also attended the lectures and 
delivered some of them, working with the mentor to make them as interac-
tive and effective as possible. As part of the instructional team for the course, 
the apprentice participated in the writing of exams and homework assignments 
and in the improvement of the studio activities. Expectations were clear that 
the apprentice would serve as lead instructor for the course in the following 
semester and mentor an apprentice, in turn, in a future semester. Besides the 
mentor and apprentice, the team for each course also included a studio supervi-
sor who handled most of the logistical details of the course. Faculty members 
with DBER backgrounds also played a supporting role, assisting the team with 
exam preparation and teaching assistant training, and performing observations 
of all instructors.
early resulTs froM The ProjeCT
Pedagogy
While this short report does not focus on the development of redesigned 
courses or the student outcomes, pedagogy is central to the AAU framework 
and our project. The apprentices and mentors carry out the transfer of pedagog-
ical innovation within redesigned introductory courses. Table 2 demonstrates 
our progress in transforming the introductory courses in our three depart-
ments into high-structure, active learning formats. In addition to four high-
structure courses ready before the project funding began, we have redesigned 
six more courses, with a seventh in transition. A current challenge is that not 
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all sections are taught in this format in biology and chemistry; conversation is 
ongoing in both departments about how to spread evidence-based pedagogies 
more widely. Physics moved past these conversations before this project began 
and has taken a team approach to their introductory courses, regarding them 
as forming a single course with a single curriculum, pedagogy and assessment. 
Although not presented here, we have evidence that not only are our students 
showing increases in achievement and learning in redesigned courses, but that 
there are disproportionate benefits for first-generation college students and 
Black students (Eddy, 2014). 
support
The AAU framework recognizes that support is necessary for reforms in peda-
gogy. Our project focuses on two major areas of this scaffold: apprenticeships 
and faculty learning communities.
Apprenticeships
Having evidence that professional workshops alone don’t always lead to per-
manent change (Dancy, 2013; Ebert-May, 2011) our apprenticeship model 
Table 2. Courses redesigned into high-structure, active-learning Courses in the Three 
departments
Course number Course name
sections taught 
in high- structure, 
active-method when redesigned?
Physics 116 Mechanics All sections Before AAU project
Physics 117 Electricity and Magnetism All sections Before AAU project
Biology 101 Principles of Biology All sections Before AAU project
Chemistry 101 General Chemistry I Some sections Before AAU project
Physics 104 General Physics I All sections First year of AAU funding
Physics 105 General Physics II All sections First year of AAU funding
Chemistry 102 General Chemistry II Some sections First year of AAU funding
Chemistry 261 organic Chemistry I Some sections First year of AAU funding
Chemistry 262 organic Chemistry I Some sections First year of AAU funding
Biology 202 Genetics and Molecular 
Biology
Some sections First year of AAU funding
Biology 201 Ecology and Evolution none yet Second year of AAU 
funding
Approximately 3,700 enrollments have been affected by these changes in the first year of AAU funding (many 
students enroll in more than one gateway course in a single year).
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provides continual individualized support during a semester-long teaching 
experience. To date, course releases have allowed six tenured or tenure-track 
research-active faculty to apprentice one-on-one with mentors across the three 
departments. These include three assistant professors (one each in biology, 
chemistry and physics-astronomy) and one associate professor, one professor 
and one distinguished professor. During the current academic year, we antici-
pate an additional ten apprenticeships that will include participation by four 
lecturers, one assistant professor, one associate professor, two professors and 
two distinguished professors. Interviews with mentors and apprentices have 
been conducted, and while the picture is not yet complete, an initial report sug-
gests issues to consider as we move into new phases of the project. There may 
be a need for:
•	 more clarity in role expectations for both mentor and apprentice;
•	 earlier communication with the apprentice about expected benefits 
from the experience;
•	 more conversations about differences in priority given to the work, 
given other demands on time and attention; and 
•	 formal mentor training to provide a toolbox of strategies to identify/
address challenges working with different apprentices with different 
personalities/temperaments/time demands.
Faculty Learning Communities (FLCs)
Social networks can play a dual role in professional development and in pro-
moting cultural change in a community. In the first year, 15 participants (men-
tors and apprentices from the three departments) participated in monthly FLC 
meetings organized by our Center for Teaching and Learning (CTL). Meetings 
were co-facilitated by a staff member of the CTL and a mentor. Participants 
found conversations around teaching challenges and strategies very helpful 
and also benefited from discussions conducted after peer observations of their 
classes. For this reason, we have adapted published rubrics to allow for for-
mative observation without a need to include critical evaluation and will use 
the rubrics with each FLC going forward. Due to the increase in numbers of 
participants for the second year, we have created three separate FLCs for this 
academic year, based on their level of experience. We have one FLC primar-
ily for mentors (nine participants), one for the first cohort of apprentices (ten 
participants) and one for the newest apprentices in this current academic year 
(seven participants). Department-level FLCs have taken different forms in each 
department, but include most of the AAU project participants, as well as others 
who have become interested in active learning. 
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Culture
Is reformed teaching “sticking”? One clear measure of success with our appren-
ticeship model will be whether apprentices are still using reformed methods 
semesters after they were trained. To assess this, we will follow apprentices for 
several semesters, performing at least two unannounced evaluative observa-
tions with the COPUS rubric (Smith, 2013). Despite being a nascent project, 
our early results are promising and may also demonstrate that trained appren-
tices transfer these skills to other non-project courses they teach.
Measuring cultural change is difficult, but our plan to assess faculty teach-
ing attitudes and practices and institutional culture includes faculty interviews 
(with the same open-ended questions about teaching attitudes and practices) 
with both participating and non-participating faculty. Additionally, the AAU’s 
faculty survey will capture the attitudes and practices of a wider group of UNC 
faculty. Lastly, in 2013, we surveyed faculty in the College of Arts and Sciences 
on teaching issues: Nearly half of our faculty members responded. We plan to 
administer a set of identical questions in Spring 2016 to take another “pulse” of 
the faculty and compare our science faculty responses in 2013 to 2016.
Leadership plays a role in ensuring these methods become part of the cul-
ture of teaching. In the past two years, the university leadership has provided 
the resources to hire nine lecturers in various STEM departments (including 
two in Chemistry, two in Biology, and two in Physics and Astronomy) who 
have expertise in high-structure, active learning course design and implemen-
tation. These new faculty members are jump-starting the project, so that there 
are enough mentors to sustain the initial years of the model.
As is the case with any emergent strategy, project leaders are finding other 
evidence that culture is changing, but they have no systematic plan for captur-
ing these unexpected indications. For instance, departmental faculty meetings 
have led to difficult and impassioned discussions about the pros and cons of 
moving to active learning approaches, discussion that would not have occurred 
without an ongoing AAU project. Another example of change is that numerous 
science faculty members not formally part of the AAU project have begun to 
radically change their teaching (some with the help and guidance of experi-
enced faculty, and some with no plan).
InITIal reCoMMendaTIons for IMPleMenTIng The 
aPPrenTICeshIP Model aT anoTher InsTITuTIon 
With the financial means to provide course release time, other institutions may 
find this is a model they are interested in executing. While our evaluation is far 
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from complete in this young project, our mentors and apprentices involved in 
the first year implementation assembled a list with advice. Recommendations 
are presented in no particular order and pertain primarily to implementation 
in lecture format: 
advice for Mentors
•	 Be flexible and ready to mentor each apprentice differently based on 
their prior experiences and personalities.
•	 Remember that you are the mentor. Your apprentice may significantly 
outrank you in the university hierarchy and they may have more ex-
pertise in your course’s research discipline than you do. Remember 
that you have greater pedagogical expertise; in this partnership it is 
your job to set the direction of the team.
•	 Do not overwhelm your apprentice with suggestions, ideas, and tasks. 
Remember that the time and attention of research-active faculty are 
limited, and change is incremental. Pick a few key goals for the part-
nership (e.g. “maintain student-centered approach through the semes-
ter”) and focus on working in those areas.
•	 Set clear expectations together for what this collaboration will look 
like. For example, will you meet twice a week? Who will answer student 
e-mails? How would the apprentice prefer feedback to be delivered?
•	 Do not mentor a course unless you have already taught it at least once 
in a high-structure format. Your apprentice will need materials pre-
pared, polished, and vetted well in advance. 
•	 Treat each other as equals, both outside and inside the classroom. Stu-
dents don’t need to know that one of their teachers is “in training.”
•	 Have explicit lesson plans for each class session that can be communi-
cated clearly. Items that should be part of the lesson plan: each objective, 
the activities and formative assessments that align with the objective, 
and the expected amount of class time needed for each activity.
•	 Communicate to students clearly and responsively. Guide apprentice 
instructors to do the same. For example, a PowerPoint slide displaying 
an in-class multiple choice question to students might say in the in-
structor notes, “Choice A is the common misconception for this ques-
tion because. . . .”
•	 Allow your apprentice to make some mistakes. The temptation will be 
to step in during class discussions to correct, moderate, or simply do 
it your way. Be careful to not undermine your apprentice’s authority in 
the classroom; any immediate concerns or advice for moving the class 
in a different direction can be done quietly without drawing attention. 
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Resist also the temptation to “perfect” the apprentice’s assessments. 
Minor flaws in question design will allow the apprentice to discover 
pitfalls themselves after seeing student data.
•	 Take care of course logistics, office hours, planning, and student con-
cerns, etc., so that the apprentice can focus on preparing for each class 
session and learning to write assessments. Provide enough guidance 
and practice with these tasks, however, that the apprentice will be able 
to complete them in subsequent semesters.
•	 Give the apprentice tools to succeed in the future: Ask the apprentice 
to complete a small course development project that you can both use 
in the future, such as an in-class or a recitation activity. Mentor them 
through this process as well.
•	 Invite criticism of the design of course materials by your apprentice: 
(a) to open lines for future collaborations, and (b) to create an emer-
gent product that is better for both members’ contributions. 
•	 Keep open communication in future semesters and check in with their 
next teaching experience (even if a different course). Ask if you can 
observe and give feedback via an observation rubric.
advice for apprentices
•	 Know the class/instructor you are going to be working with, observe 
classes taught by your mentor the semester before you begin teaching 
(several weeks of observation would be optimal). Make good notes 
on how they manage class time, discussions, activities, etc., and write 
down any questions about their approach that arise so you can talk 
to your mentor about them before you begin teaching the following 
semester. 
•	 Ensure you are comfortable with the course material (the scope and the 
details) well in advance of classes beginning; this will ensure you can 
spend most of your energies focused on learning the teaching meth-
ods and class management skills of the student-centered classroom.
•	 Even if you are not the lead instructor, consider this “your” class as 
well as your mentor’s; imagine how you would lead each class if your 
mentor was unable to make it that day and compare that to how it 
actually goes.
•	 Hold your own office hours or Q&A sessions on course content at least 
once a week—this is where you will best come to understand what 
topics are confusing for students in the class. 
•	 Familiarize yourself with the technology available in advance of class 
so that you are not learning during class time.
86 CASE STUDIES—ProjECTS AT ThE InSTITUTIon LEvEL
•	 Be aware of the time goals in the lesson plan and endeavor to stay on 
track during class.
•	 Learn to summarize activities for students as the “expert” in the room, 
such as providing a “take-home” message or a summary of the ap-
proach they can use to think through problems.
•	 Be brutally self-reflective.
•	 Encourage your mentor to be frank about how you can improve.
•	 As much as possible, learn how your mentor approaches the admin-
istrative side of managing the class (i.e., sit in on their office hours, 
learn how they deal with student concerns, how to deal with grading, 
managing grading data, etc.).
•	 Keep the relationship open in future semesters. Ask for advice and 
invite your mentor and other instructors to observe you periodically. 
Not all institutions interested in this model will have the ability to pro-
vide course releases. We recommend a few low-cost ideas that can be imple-
mented from our model. Faculty wanting to make changes to their teaching 
need a model, and thus should be observing other faculty on campus who are 
using evidence-based teaching. It might also be possible for two or more faculty 
members to form a team to redesign a course that both could teach in future 
years, lessening the burden of redesign on individuals who have not received 
course release. Model materials developed for classroom use by practitioners 
of evidence-based teaching can also be found in digital libraries maintained by 
professional societies in specific disciplines; these may serve as starting points 
for redesign of specific lessons. Faculty should be encouraged to ask for guid-
ance, and should invite mentors to their classroom for feedback on classroom 
interactions and course structure. Lastly, faculty learning communities can 
meet a few times a semester and provide a foundation for important supportive 
relationships. 
lookIng forward
The funds provided by the AAU have launched new ways of thinking about 
teaching at UNC-Chapel Hill for many faculty. The project reinforces three major 
ideas: that good teaching can be taught (mentors help apprentices), it takes time 
to implement changes (funds provide a course release), and that teaching need 
not be a private endeavor (faculty meet in learning communities). These ideas 
have quickly taken hold in our culture within the first two years of the proj-
ect, although their implementation throughout each department’s course offer-
ings is still far from universal. As we seek to broaden the use of evidence-based 
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teaching beyond the courses that are the focus of our AAU project (all of which 
are foundational, lower-division courses), we will need to find ways to help fac-
ulty members embrace appropriate methods for active engagement in more 
advanced courses. There is less research available on the use of such pedagogy 
in courses beyond the introductory level, and fewer classroom materials and 
model instructors currently exist. This makes the task more difficult, but we are 
confident that participants in our project will begin to re-examine other kinds 
of teaching they do and seek to incorporate active engagement throughout the 
educational spectrum in each department. When the AAU funding is complete, 
the three departments will sustain the course releases formally for another two 
years. Beyond the five years of funding, peer visits of each other’s classes, teach-
ing mentors for all new faculty, and learning communities can be sustained. The 
idea that teachers at any stage can benefit from “coaching” in evidence-based 
pedagogies will be a belief that “sticks” in our culture. 
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Faculty resistance to changing their STEM teaching practices is widely ac-
knowledged as a barrier to use of evidence-based, active-learning instructional 
approaches (AAAS, 2011). What accounts for this resistance? Changes in fac-
ulty members’ teaching practices are strongly influenced by personal influences, 
their own beliefs and concerns about factors, such as their level of knowledge 
about new teaching approaches, how dissatisfied they are with their current 
practices, their beliefs about whether new methods actually improve student 
learning, and the access they have to peer-support activities during periods of 
teaching transitions (Brownell and Tanner, 2012; Ebert-May et al., 2011; Gess-
Newsome et al., 2003; Handelsman el al., 2004; Hatvia, 1995; Henderson and 
Dancy, 2007; Henderson et al., 2012; Lynd-Balta et al, 2006; Miller et al., 2000; 
Sirum et al., 2009; Winter et al., 2001). Changes in faculty members’ practices 
are also influenced by their perceptions of what is valued by members of their 
department, college, university, and national/international professional societ-
ies. We might think of these as cultural influences. For example, decisions about 
how to teach may be heavily influenced by concerns about tenure, seeming lack 
of interest in teaching among research colleagues, perceptions of their status in 
the field, and lack of incentives for reformed teaching (Brownell and Tanner, 
2012; Gibbs and Coffey, 2004; van Driel et al., 1997). 
One part of the University of Arizona (UA) AAU Undergraduate STEM 
Education Project is centered on redesigns of foundation courses in the de-
partments of Chemistry and Biochemistry, Physics, Molecular and Cellular 
Biology, Chemical and Environmental Engineering, and Electrical and Com-
puter Engineering. Another major part of the grant is focused upon addressing 
the personal and cultural influences on change in the instructional practices 
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of STEM faculty members. Th is part of the project is working to support the 
transformation of STEM faculty and departmental cultures to practice and sus-
tain evidence-based, active-learning instruction in their classes (Figure 1). Th is 
chapter describes our work in pursuing this goal. 
fIgure 1. ua aau undergraduate sTeM education Project
boTToM-uP and ToP-down aPProaChes To CulTure Change
About 20 years ago, faculty members in the College of Science at the University of 
Arizona increased their interest in working with undergraduates in their research 
laboratories. Th ese activities were supported and encouraged by department 
heads and the college dean. Today, the culture among the faculty and administra-
tors in the science and engineering colleges is to embrace educating undergradu-
ates in authentic research, with the percent of students involved in independent 
research projects ranging from 60–100% in College of Science departments. We 
believe the success and sustainability of undergraduate research in faculty labora-
tories is largely due to the bottom-up interest and top-down support. 
Similarly, a grassroots eff ort to improve teaching and learning in founda-
tional science and engineering courses has been ongoing at UA for several years. 
However, the initiative lacked focus, had minimal cross-departmental collabo-
ration, and had little top-down support or encouragement. Th is is changing in 
several departments at UA as a result of the AAU Undergraduate STEM Educa-
tion Project. Our project leadership team is composed of the faculty involved in 
the redesigns of fi ve foundational STEM courses, along with three professionals 
from the Offi  ce of Instruction and Assessment, an associate department head 
from engineering, a research postdoctoral associate, and the senior vice pro-
vost for academic aff airs. Th is group meets weekly to discuss the goals of our 
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project, share science education research findings and reports in the literature, 
and to discuss best approaches to engage additional faculty and departments in 
efforts to improve learning and deep understanding in STEM education. Ev-
eryone participates as an equal in these discussions without regard to rank or 
position at the university. This has provided significant leadership development 
for the faculty, and better understanding by professionals and administrators of 
the challenges, rewards, and successful approaches to improve student learning 
and student success. 
buIldIng IndIvIdual faCulTy CaPaCITy  
for evIdenCe-based TeaChIng
Faculty Learning Communities: Over the past few years, the UA Office of In-
struction and Assessment has worked with groups of faculty from several dis-
ciplines interested in learning about best practices in areas such as outcomes 
assessment and online instruction. The faculty members study research results, 
discuss ideas, and develop projects to implement in their disciplinary areas 
and to bring back to the group for peer discussion and reflection. The work of 
these self-regulated professional development groups, called Faculty Learning 
Communities (FLCs), have a history of success in U.S. colleges and universities 
(Angelo, 2000; Cox, 2004; Beach and Cox, 2009). A key common feature of suc-
cessful FLCs is the way they are structured around knowledge that is sought by 
faculty members, rather than knowledge and skills that others feel faculty mem-
bers should have. In this way, interest in learning is a bottom-up, rather than a 
top-down, starting point for potential change. Our campus experiences with fa-
cilitating the FLCs led to its central role in our AAU STEM project. In this proj-
ect, the FLCs were developed with two purposes in mind: (1) to engage faculty 
members in a long-term activity focused on learning about evidence-based, 
active-learning teaching approaches in STEM; and (2) to create a community 
in which the interested learners discuss and test new ideas about teaching with 
STEM faculty peers, at greater depth than discussions about teaching that gen-
erally occur in many departments. 
A total of 80 STEM faculty members over years one and two have joined the 
AAU STEM project FLCs. In year one, only three faculty members dropped out 
of the FLC between fall and spring semester, due mainly to schedule conflicts. 
FLC groups of eight to ten members are formed, each led by a faculty member 
from our leadership team who currently teaches STEM courses. A FLC group 
meets six to seven times per semester and focuses on a curriculum that is de-
veloped each year by the AAU STEM Project Leadership Team. The curriculum 
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includes reading and discussing research articles on best practices and using 
the learning-cycle framework (Lawson, 2001) to design teaching projects im-
plemented twice during the semester. The projects usually involve strategies 
with which the faculty members have little prior experience. The follow-up FLC 
meetings are sites of rich conversations about the challenges and successes asso-
ciated with individuals’ project implementations. Additionally, throughout the 
semester, the FLC meetings are times for much questioning and reflection on 
broader issues related to concerns about their own teaching and their students’ 
learning. Year two activities also included some peer observations of teaching 
among FLC members, an activity requested by several year one FLC members 
in an end-of-year survey. 
Teaching Talks and Workshops: The project has also developed short-term ac-
tivities designed to build STEM faculty members’ knowledge of active-learning 
approaches to teaching. Teaching Talks were developed as a set of one-hour 
discussions on strategies often associated with evidence-based instruction in 
STEM. In the project’s first semester, campus STEM faculty were invited to four 
talks, at a central campus location, on the following topics: collaborative learn-
ing activities, the role of student predictions in promoting learning, the value of 
pre-post assessment, and daily assessment strategies. The discussions were led 
by two OIA staff members with expertise in STEM education who are members 
of the AAU STEM Project Leadership Team. Participant engagement in discus-
sion was high at the Teaching Talks, but attendance was low (ranging from six 
to nineteen). This year, we decided to take the Teaching Talks to the depart-
ments, believing that the change might increase attendance. We distributed a 
call to STEM department heads to request either a 20-minute presentation (e.g., 
at a department meeting) or a 60-minute seminar/discussion (e.g., for a depart-
ment colloquium). We have visited six STEM departments. 
The project also offers half-day workshops for STEM faculty who wish to 
gain hands-on experience with evidence-based strategies that actively and intel-
lectually engage students. The workshops are offered by an AAU STEM Project 
Leadership Team member with broad experience nationally as an active-learn-
ing professor and instructional workshop facilitator. The workshops model ac-
tive engagement, with participants gaining first-hand experience with methods, 
such as rapid feedback assessment to small group collaborative learning activi-
ties, and the Peer Teaching Assistant Model. Our workshop attendance was 51 
in May 2014 and over 50 in November 2014. 
Collectively, faculty from 35 departments across campus have participated 
in one of our workshops, an FLC, or a Teaching Talk.
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suPPorTIng TransforMaTIon wIThIn deParTMenTs
A Case Study in Chemistry: At two years into our STEM education project, UA 
science and engineering department heads have different levels of engagement 
with our project. In one department, Chemistry and Biochemistry, the depart-
ment head is fully supportive. Furthermore, the faculty voted for a three-year 
pilot to teach all sections of General Chemistry 151 and 152 (~3,500 students) 
with a new curriculum and active-teaching approaches. The course was rede-
signed and taught by two faculty members in the department over the last three 
years with significant improvements in student learning as measured by the 
American Chemical Society Conceptual Exam. Students who took both semes-
ters of the reformed course earned higher overall grades and higher final exam 
scores in the second semester course. 
One of the research studies in our AAU project includes a qualitative in-
vestigation of the Department of Chemistry and Biochemistry as this pilot un-
folds over the next two years. We want to know the challenges and successes 
of the faculty and TAs teaching the reformed general chemistry course for the 
first time and during subsequent semesters. Our team has observed the faculty 
teaching the redesigned course and used the COPUS observation tool (Smith 
et al., 2013) to record our observations. We also want to know the impressions, 
attitudes, and opinions of the instructors who are implementing the redesign, 
faculty in the department who are not involved in teaching this course, the 
opinions of the department head and the associate head, and the undergradu-
ate preceptors involved in the course. We are collecting survey, interview, and 
focus group data from all these individuals related to attitudes toward the full 
implementation of the course redesign. Insight from the faculty involved in the 
course redesign implementation in chemistry may help us implement rede-
signed courses in other departments.
We already know that some faculty members in Chemistry and Biochem-
istry do not support the course redesign and are opposed to the teaching ap-
proach. Fortunately, these individuals are in the minority, but they have not 
been persuaded by very good learning outcomes, positive student satisfaction 
survey results, and better student performance in the following course (organic 
chemistry) resulting from the previous three-year development period of the 
general chemistry course. Other preliminary findings from our study suggest 
that more communication should be encouraged among the faculty teaching 
the new curriculum. In addition, the outcomes from our chemistry pilot may 
be different from some others in that, except for one tenured full professor in-
volved in the redesign, only one of the other faculty teaching general chemistry 
was on the tenure track. 
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Noticing Change in Physics: About ten years ago, the attitude in physics depart-
ments toward teaching seemed to either support progressive teaching methods 
or suggest that it was up to the students to learn what was presented in lec-
ture, with little support from the faculty (Henderson and Dancy, 2009). Our 
physics department was more aligned with the second attitude, but that is now 
changing. 
In fall 2013, a professor in astronomy and his postdoctoral associate offered 
to teach a section of introductory physics with calculus (mechanics) using evi-
dence-based teaching methods and active-learning pedagogies. The astronomy 
postdoc, trained in science education, would teach one section of Physics 141 
in the spring using evidence-based teaching methods and active-learning peda-
gogies, and an associate professor would teach another section as he had in the 
past using primarily lecture as a teaching approach. In addition, the postdoc 
would have only two traditional class meetings, while during the other class 
meeting the students would work in small groups on activities provided for 
them. A graduate teaching assistant was available to check their work and help 
them when they were having difficulty. During the fall semester, the astronomy 
teaching team worked with the physics professor to agree on a set of the ques-
tions that would be given during each of the exams and the final. Thus, students 
in both sections would have a set of common exam items graded by the same 
set of TAs.
After teaching the physics course in the spring, the student learning out-
comes on the common test items were compared. The students in the course 
taught by the postdoc with active-learning pedagogies significantly outper-
formed the lecture instruction of the physics professor on the common final 
exam. What happened when the physics professor saw the student learning out-
comes? He was surprised and wanted to know why the students taught by the 
postdoc did better. When showed the pie chart from the COPUS observations, 
it was clear that the students were much more engaged in the active-learning 
classroom, and we know that student engagement is a strong predictor for in-
creased learning (Hake, 1998; Prince, 2004; Ruiz-Primo et al., 2001; Smith et 
al., 2005; Wood, 2009). The evidence of improved learning and the discussion 
about what the postdoc did to improve learning led the physics professor to 
say he wants to change the way he teaches. Thus, as a result of this study, more 
faculty in physics are active in our STEM project’s Faculty Learning Communi-
ties, redesigning other physics courses, and paying attention to publications in 
physics education. 
Unlike chemistry and biochemistry, the sections of introductory physics 
are taught by professors of various ranks and by lecturers. It will be interesting 
to see if improvements in teaching practices in introductory courses can be 
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sustained more or less with a mix of faculty, tenure-track vs. lecturer, teaching 
the course. However, at this early stage in the project, a few observations are 
worth noting. In fall 2014, the faculty member serving in the role of director of 
the undergraduate program for the Physics Department and a member of our 
AAU STEM project, gave a presentation on the project at the department’s an-
nual retreat. Additionally, he has invited colleagues to use his problem-solving 
activities as ideas for their class planning, a step that he feels is particularly im-
portant since lack of time for developing new materials is regularly mentioned 
by colleagues as a barrier to their use of reformed teaching strategies. Since this 
faculty member is the primary decision-maker for teaching assignments in the 
department, he is also in a unique position to assign and support new faculty 
members interested in learner-centered teaching to key teaching positions in 
introductory courses. 
suPPorTIng TransforMaTIon aCross The InsTITuTIon
Teaching Awards, Institutional Media Coverage, and Increased-Emphasis on 
Teaching During P&T: Our project has additional activities to decrease the bar-
riers to cultural transformation. These include new STEM teaching awards for 
faculty who use evidence-based teaching methods and active-learning pedago-
gies, and focus on learner-centered teaching approaches. In addition, we are 
working closely with the associate vice president for university relations to put 
out news stories about our project. Within the last year, 14 news stories have 
appeared on our university website and four videos were produced with in-
terviews of our faculty teaching redesigned courses and about the project. In 
addition, the promotion and tenure guidelines have been changed to require 
peer observations of teaching and a teaching portfolio. These new P&T guide-
lines alone won’t be enough to increase the emphasis of quality teaching in the 
promotion decisions, but we expect that the provost will support teaching con-
siderations in these decisions. Furthermore, the chair of the faculty (elected po-
sition of the Faculty Senate) plans to use a report from a task force on teaching 
quality to increase emphasis among the faculty for quality teaching. 
Collaborative Learning Space Project: Faculty members in our leadership team 
have been able to teach using active-learning pedagogies in large lecture halls 
that range from 100 to 700 students, but for most of them, the lecture hall is 
not an optimal teaching environment. Once again, the bottom-up inspiration 
and top-down support approach of our project is allowing us to make changes. 
An impromptu meeting with a faculty member in our leadership group, the 
senior vice provost, and the dean of library quickly led to the development of a 
pilot classroom project in an underutilized room in the science and engineering 
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library. The time from inspiration to teaching in the pilot space was only three 
and a half months and required significant work and collaboration on the part 
of the library staff, University Information Technology Services (UITS), fac-
ulty on the AAU STEM Project, and the senior vice provost. The Collabora-
tive Learning Space in the library was used for six weeks in the fall semester 
to teach up to 260 students at a time in a room with round tables, monitors 
and short-throw projectors, speakers and microphones, notebook computers, 
an enhanced internet network, along with videography to capture student in-
teractions and faculty use of the space. Eight courses used the space for two 
to twelve class sessions. Students, TAs, preceptors, and faculty were surveyed, 
interviewed, and videotaped. The outcome: the pilot use of collaborative space 
in the library was a very successful experiment with the space in the library 
converted to a large collaborative classroom. Now, a total of five new collabora-
tive learning spaces will be used for teaching in fall 2015. 
Collaborative Learning Spaces Workshop: The UA AAU Undergraduate STEM 
Education Project sponsored a two-day workshop on classroom space rede-
sign. In addition to the use of the reading room in the library for an active-
learning classroom, we reviewed what could be done with three additional large 
flat spaces at UA. The workshop was coordinated by a principal of the Learn-
ing Spaces Collaboratory in Washington, D.C., and an architect from a firm in 
Los Angeles. Updating classrooms is an item in the UA strategic plan, and the 
outcomes of our workshop helped us direct the redesign of five collaborative 
learning classrooms. 
fInal ThoughTs
The UA AAU Undergraduate STEM Education Project developed from a bot-
tom-up set of interests in advancing evidence-based, active-learning approaches 
to instruction. The project’s early momentum and increasing visibility across 
campus have been enhanced by top-down support from STEM department 
heads, the Office of the Senior Vice Provost for Academic Affairs, and the staff 
of the Office of Instruction and Assessment. Early accomplishments have been 
described in this chapter. However, some key challenges remain for the project.
Challenges related to Personal Influences on faculty Change 
Only four faculty members who recently completed the fall semester CWSEI 
Teaching Practice Inventory (Wieman and Gilbert, 2014) indicated they had 
been FLC members both year one and year two of our project. The self-reported 
practices by these individuals indicate they were most likely to have increased 
their evidence-based practices in these areas: encouraging more student 
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collaboration on assignments, more frequent use of graded assignments, use 
of pre-assessments, use of instructor-independent pre-/post-tests (e.g., concept 
inventories), and highlighting student learning and teaching difficulties at TA 
meetings. We wondered whether these changes represent areas that these FLC 
members wanted to learn more about in the FLCs. The FLC facilitators from 
our project leadership team regularly commented on the tension between our 
intended FLC curriculum, focused on evidence-based approaches to teaching 
(e.g., use of learning cycles), with the tendency for FLC members wanting to 
focus on practical strategies and methods easily implemented in lectures (e.g., 
think-pair-share). This tension is an ongoing challenge that our leadership team 
continues to address as it further develops a FLC curriculum with the potential 
to foster real change in teaching practices. 
The literature on change in teaching practices indicates that short-term ef-
forts to increase faculty members’ knowledge of new teaching approaches result 
in little change in individual practices or departmental cultures (Gibbs and Cof-
fey, 2004; Henderson et al., 2011). If this is true, are the efforts made by the proj-
ect to offer short-term professional development activities, such as Teaching 
Talks and workshops, the best use of our limited time and resources? Yet, our 
spring workshop had high attendance and enthusiastic response. Our challenge 
is to identify the role of short-term workshops and presentations in promoting 
real change in faculty members’ teaching practices. 
Challenges related to Cultural Influences on faculty Change
In a year-end survey of FLC members at the end of the spring semester 2014, 
only three of 13 respondents reported having talked with colleagues in their 
departments or elsewhere about changes in their teaching. Additionally, these 
three individuals indicated that the conversations were either brief or very gen-
eral. The project must address the important work of enabling and supporting 
our FLC members (and leadership team members) to become voices of change 
in their home departments. 
The different approaches and pace of change occurring in the Physics and 
Chemistry and Biochemistry departments suggests that culture change is not a 
one-size-fits-all approach. This challenge requires increased attention by proj-
ect leaders to the ways in which all STEM departments involved with the proj-
ect show signs (or not) of culture change.
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From Grassroots to Institutionalization:  
RIT’s CASTLE
Scott V. Franklin
In April of 2010, an assistant professor of biology at Rochester Institute of Tech-
nology had a pivotal annual review with the dean of the College of Science. 
The faculty member, a geneticist with an impressive track record of involving 
undergraduates in research, was disturbed by new Institute tenure policies that 
emphasized national prominence in scholarship. Given her department’s un-
dergraduate-only population and RIT’s limited infrastructure, this was unlikely 
in a competitive, expensive and fast-moving a field as human genetics. The as-
sistant professor worried about her prospects for tenure, and emphasized the 
deep interest in student learning that had brought her to RIT. 
The dean suggested the faculty member speak with physics faculty involved 
in discipline-based education research about biology education as a viable 
scholarship alternative. Thus began a chain of events that ultimately resulted in 
the creation of the Center for Advancing Science & Math Teaching, Learning 
& Evaluation (CASTLE), a grass-roots initiative nurtured with timely admin-
istrative support. The bottom-up development allowed faculty to control the 
center’s growth, maintaining a focus and coherence that helped define CASTLE 
to administrators. This paper presents CASTLE as a case study, noting the deci-
sions—conscious or realized in hindsight—that guided its development. In the 
context of models for institutional change, CASTLE serves as an example that 
combines top-down and bottom-up elements and serves as a guide for others 
contemplating broad culture change.
Models for InsTITuTIonal Change:  
ToP-down, boTToM-uP, and ouTsIde-In
Models for institutional change (e.g., DiMaggio, 1998) have been investigated 
in business (Lounsbury and Crumley, 2007), law (Smets, Morris and Green-
wood, 2011) and other industries (Kellogg, 2009), and attention is now turn-
ing to academic institutions (Henderson, Beach & Finkelstein, 2011). Within 
physics departments, Henderson and Dancy (2007) surveyed faculty for the 
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contextual environment in which they chose whether to implement student-
centered, research-based physics materials, and in 2008 Henderson evaluated 
national new faculty workshops for efficacy at implementing change. In the 
broader academic landscape, Seymour (2002) categorized change strategies, 
noting that neither purely “top-down” nor “bottom-up” strategies were likely 
to succeed, and instead suggested a combination of the two would be required 
for successful change, with the department as the fundamental unit of change.
Recently, Reinholz et al. (2015) articulated two intriguing approaches that 
combine top-down and bottom-up elements. In the middle-out approach, de-
partmental culture shifts first, often as a result of an individual or small group of 
champions, developing strategic visions and activities around reformed teaching 
and only then converting other faculty and influencing upper administration. 
The contrasting outside-in approach combines change at the faculty and upper 
administrative level to provide impetus for departmental change. For example, 
individual faculty may use research-based course assessments to demonstrate 
the efficacy of reformed teaching that, combined with an administrative desire 
for increased retention, then drives departments to adopt better pedagogies. 
The role of a champion in bringing about culture change has been well-
documented (e.g., Chasteen et al., 2011). Such an individual is an early adopter 
of transformational methods and a persistent advocate for change; Henderson 
and Dancy (2011) found “STEM change agents strongly favor the individual” 
category of change. In the middle-out approach, the primary role of the cham-
pion is to demonstrate effectiveness and potential within his own culture (i.e., 
the home department). This can take the form, for example, of investigating 
new pedagogies or teaching methods, incorporating them into a class, and es-
tablishing through assessment that the change has improved student learning. 
The result is to convince enough colleagues within the department that the in-
novation is worth adopting, at which point normal departmental mechanisms 
for decision-making (e.g., faculty meetings, curriculum committees, etc.) en-
gage and the department consciously decides to move forward with the change.
In the outside-in approach, the champion, while continuing to advocate 
locally, more importantly serves to establish and maintain communication be-
tween faculty and upper administrative levels. This bi-directional flow of in-
formation allows faculty to convey upward the nature of their activities, while 
administration provides support and guidance that ensures these activities are 
aligned with institutional goals. Unlike in the middle-out model, there are not 
established mechanisms (e.g., faculty meetings) for this communication, 
and so the champion becomes responsible for seeking out opportunities and 
contexts in which to facilitate this transfer of information. 
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CASTLE is a case study of the efficacy of the outside-in approach, and it is 
through that lens that we interpret the historical narrative.
InITIal efforTs:  
The sCIenCe & MaTh eduCaTIon researCh CollaboraTIve
Figure 1 shows a timeline of CASTLE’s development. Shortly after the biology 
faculty member’s meeting with the dean, a cohort with four additional faculty—
two tenured physicists in physics education research, another pre-tenure biolo-
gist interested in biology education research, and a chemist deeply familiar with 
chemistry education research—formed a discipline-based education research 
(DBER) journal club. Although similar journal clubs had been started previ-
ously in the College of Science, several factors enabled this attempt to succeed. 
First, the junior faculty had a strong self-interest in the group’s success. Be-
cause the group had formed at the dean’s urging, it was understood that the 
ensuing scholarship would be considered favorably during the tenure process. 
This was formally endorsed in faculty plans of work and, ultimately, in a revised 
College Strategic Plan. The junior faculty realized that the group’s success would 
be instrumental in their achieving tenure, and they jumped at the chance to 
fIgure 1. development milestones in the life of the Center for advancing science/
Math Teaching, learning & evaluation (CasTle).
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develop research projects, travel to related conferences and write papers and 
grant proposals.
Second, the authority of the group was distributed. The presence of multiple 
members with experience and familiarity with DBER meant that no one person 
was the resident expert. Group meetings were true discussions, with an atmo-
sphere of equality pervading all interactions. The hour-long journal clubs were 
quickly expanded to include an additional hour-long group meeting, a practice 
that continues to this day, and members remark that it’s the only meeting that 
they are excited to attend and reluctant to leave. 
A third feature, a devotion to rigor, would prove important not only in main-
taining the group’s integrity but also in advocating to upper administration. 
Speculative statements about student learning were challenged for supporting 
data, often leading to new research questions. Guided by information from the 
administration, the group realized that it would be judged on its disseminated 
scholarship—peer-reviewed publications, conference presentations and grant 
proposals—and the idea of rigor suffused every discussion. By June 2010, the 
biologists had identified a new research question involving student understand-
ing of meiosis, and begun the qualitative and quantitative research that would 
result in their first publication (Wright and Newman, 2011).
The group’s activities aligned with an expansive institutional definition of 
scholarship as part of an overall effort to increase faculty productivity of peer-
reviewed work. DBER could be considered scholarship of discovery, funda-
mental research that adds to a body of theoretical or experimental knowledge, 
or scholarship of teaching/pedagogy, the study and investigation of student 
learning to develop strategies that improve learning. The presence of both as 
legitimate activities that would merit tenure gave needed latitude to initial in-
vestigations, which explored both foundational and practical aspects of student 
learning.
In June 2010, the faculty submitted a proposal to the dean to form the Sci-
ence & Math Education Research Collaborative (SMERC). The proposal (see 
Appendix I) laid out an ambitious three-year plan to integrate SMERC faculty 
into their new research fields through conference travel and an external speaker 
seminar series. In exchange, the group set measurable goals for both annual 
(multiple external grant proposals and presentations at national meetings) and 
cumulative (multiple peer-reviewed publications and at least one new externally 
funded project) evaluation. The proposal also described a future “Phase  II,” 
and many of the ideas therein would later come to fruition in the formation of 
CASTLE. The college allocated space for the group and, as the activity increased, 
the physical footprint grew, demonstrating a significant college commitment.
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The dean agreed to fund $40,000, with an additional $20,000 coming from 
departmental travel funds. In the context of the outside-in model, we can iden-
tify the following faculty-level and administrative-level actions that initiated 
the transformation:
Table1. faculty/administration actions in Creating sMerC
faculty-level actions
1. Created journal club
2. Initiated DBEr research projects
3. Traveled to DBEr conferences
administration-level actions
1. Endorsed DBEr for tenure and promotion
2.  Contributed financial resources for travel, 
external seminar speakers and equipment
3. Provided laboratory/meeting space
CoMMunICaTIon aCross InsTITuTIonal levels
A challenge of the outside-in approach is maintaining communication between 
the faculty and administrative levels. The dean’s approval and funding of the 
three-year plan led to quarterly updates, provided by a senior SMERC member. 
Already tenured, this faculty member could devote time to strategic outreach 
and planning, working with the dean to develop white papers and strategic 
plans. In response to a request from the provost, SMERC established the Up-
state New York regional network of Project Kaleidoscope, a national organiza-
tion dedicated to transforming STEM classrooms, organizing and hosting the 
first two biannual meetings. This demonstrated the alignment of SMERC activi-
ties with administrative agendas and raised the group’s profile. While quarterly 
meetings and other activities ostensibly updated the administration on SMERC 
activities, in practice they also served to develop a shared language, agreement 
on acceptable measures of success and consensus on a long-term vision. 
It was recognized that there might be institutional resistance to discipline-
based education research, particularly if it was interpreted as “soft” or not rig-
orous. The group made a conscious effort to develop a consistent description 
of their activities, replacing the common “science education” or “scholarship 
of teaching and learning” with the less familiar “discipline-based education re-
search.” The new term allowed the group to define itself as engaging in scholar-
ship of discovery, the classification previously reserved for traditional research, 
as opposed to the scholarship of pedagogy, which was seen as less rigorous. 
Group reports and presentations consistently used this language, which was 
eventually adopted by the dean in the college’s strategic plan. The external semi-
nar series also played an important role in conveying this message. Speakers 
were scheduled time with school heads, the dean and, occasionally, the provost 
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during which they could speak about how SMERC and RIT aligned with the 
national trend in DBER (e.g. Singer, Nielsen and Schweinguber, 2012). These 
meetings validated the group and further elevated its profile in the eyes of the 
administration.
The administration sent clear messages about the necessity of peer-reviewed 
publications for tenure considerations. Because DBER journals were unfamiliar 
to the college and administration, the group undertook a study to rank the rel-
evant journals by impact factor and draw attention to the peer-reviewed nature 
of many conference proceedings. As a result, the group’s dissemination efforts 
became recognized as demonstrating necessary rigor, with supporting state-
ments in faculty plans of work and annual reviews. 
The CreaTIon of CasTle
By the Fall of 2012, SMERC was firmly entrenched within the College of Science. 
Members had attracted a number of undergraduate research students, demon-
strating demand among students and the suitability of such projects for under-
graduate research, produced peer-reviewed publications and earned favorable 
reviews on grant submissions. Faculty began to receive national recognition, 
with one recognized as a Bioscience Education Network Fellow and another 
as a CREATE for STEM Fellow. The School of Physics and Astronomy initi-
ated a search for a tenure-track appointment in physics education, the first new 
position ever dedicated exclusively to discipline-based education research. The 
dean consistently cited SMERC as a model of faculty scholarship and, because 
of SMERC’s success, created a new college-wide award to motivate faculty in 
other research areas to form collaborative groups. Finally, much of the language 
contained in Phase II of the SMERC proposal about discipline-based education 
research and K–12 teacher recruitment and preparation was incorporated into 
the College Strategic Plan, thus institutionalizing the planned expansion. 
SMERC was one of several education-related initiatives that had recently 
formed within the College of Science. NSF funding was awarded to create a 
learning assistant program, with the dual goals of both transforming courses 
across the college and also recruiting and training undergraduates to careers in 
secondary education. The dean formed the Women in Science (WISe), a faculty-
led group dedicated to increasing representation of women at all levels in the 
sciences. The WISe group led “graduate school boot camps” for undergraduates 
interested in pursuing graduate work, faculty luncheons and roundtables to ad-
dress issues faced by female faculty and began a Summer Math Applications 
in Science with Hands-on (SMASH) Experience for rising eighth-grade girls. 
SMERC members collaborated with chemistry faculty to apply for, and win, 
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NSF funding to reform an organic chemistry classroom. And, finally, SMERC 
faculty headed the institute’s successful proposal to the NSF STEM Talent Ex-
pansion Program to address retention of deaf/hard-of-hearing and first-gen-
eration STEM majors. Together these, and other, initiatives suggested to the 
dean that an organizational structure—a center—could build a coherence and 
synergy and raise the visibility of all, and charged the director of SMERC with 
developing the proposal.
At RIT, the designation “Research Center of Excellence” recognizes and 
supports clusters of faculty and staff with a common scholarship vision. Des-
ignated Research Centers/Laboratories that demonstrate a well-defined inter-
disciplinary research focus involving multiple externally funded projects are 
eligible to receive 20% of all indirect cost payments from externally funded 
projects. A significant step toward CASTLE’s realization was the vice-president 
of research’s agreement to designate the nascent center as a provisional Cen-
ter of Excellence and advance $100,000—to be reclaimed from later overhead 
return—for administrative purposes.
With dean and administrative encouragement, SMERC faculty began 
to make contact with leaders of the other initiatives. They followed closely a 
model used at The University of Colorado at Boulder to form the Center for Sci-
ence Learning, which shared white papers, annual reports and other strategic 
documents and greatly assisted CASTLE’s development. Recognizing the wide 
range of faculty activities in STEM education, an inclusive approach was taken 
to defining CASTLE as “a network of affiliated faculty, projects, and programs 
engaged in scholarship surrounding science and math education.” CASTLE’s 
vision is broad, with three objectives that aim to build community by:
•	 nurturing a community of faculty, administrators, and staff interested 
in science and math education and pedagogy by facilitating dialog 
about evidence-based practices, discipline-based education research, 
and methods of assessment and evaluation;
•	 establishing a robust and sustainable infrastructure that transforms 
science educational practices, supports discipline-based education re-
search, and promotes PreK–20 faculty recruitment, preparation, pro-
fessional development, and outreach; and
•	 fostering innovations in education by integrating an interdisciplinary 
community of scholars; promoting, sustaining, and evaluating reform 
efforts; advocating for diversity and access; and influencing policy, 
fundraising, and public outreach.
The group recognized different ways faculty could be affiliated with the cen-
ter, including:
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•	 Members: For faculty whose primary activities closely align with CAS-
TLE, involvement is written into plans of work, and department heads 
solicit a letter from the CASTLE director to include annual reviews.
•	 Project Affiliates: Faculty can affiliate on a per-project basis, for ex-
ample a grant or project involving other CASTLE affiliates.
•	 Program Affiliates: Directors of affiliated programs (e.g., the Women 
in Science) are affiliated as liaison between the center and their respec-
tive program.
•	 Collaborators: Collaborators participate in ongoing interactions (e.g., 
regular participation in CASTLE seminars, journal clubs, and other 
activities), but need not explicitly include CASTLE in a plan of work 
or annual report.
The center’s creation therefore was also an example of faculty and upper 
administration working in tandem, with significant communication across the 
levels. The various actions pertaining to the creation are:
Table 2. faculty/administration actions in creating CasTle Center
faculty-level actions
1.  SMErC faculty reached out to colleagues, 
identifying potential collaborations for 
CASTLE
2.  Faculty created bylaws, working together to 
define center mission, vision and affiliation 
types
administration-level actions
1.  Dean encouraged faculty to consider center 
creation
2.  vice-president of research contributed 
$100,000 as an advance on future F&A
faCIlITaTIng TransforMaTIon aCross The College
With CASTLE’s official formation, faculty began seeing connections between 
existing programs. CASTLE didn’t necessarily create new initiatives, but it en-
hanced the impact of existing ones. Figure 2 shows the collaboration that arose 
between the different CASTLE activities. For example, learning assistants, re-
cruited and trained in the LA program, became involved with developing mate-
rials for both a summer math program for middle-school girls and a retention 
program for first-generation and deaf/hard-of-hearing RIT undergraduates. 
Faculty originally recruited to mentor the learning assistants began attend-
ing SMERC journal clubs and seminars, thus broadening their knowledge of 
education research and assessment strategies. LivePhoto, an NSF-funded proj-
ect to develop video vignettes in physics, spawned a similar initiative in biol-
ogy involving curriculum development and biology education research. The 
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“spin-off ” project received NSF funding in 2014, and is an example of how con-
nections brought about by CASTLE lead to new initiatives.
Th ere has been signifi cant growth in the number of faculty affi  liated with 
center activities. As seen in Figure 3, the number of faculty affi  liated with the 
center has grown seven-fold. Much of this is driven by the learning assistant 
program, which aggressively recruits traditional STEM faculty to mentor un-
dergraduates in the classroom. Th is has had an incredibly important, positive 
impact. Because the LA’s role is purely supportive to faculty in their eff orts to 
transform courses, faculty opinion about the LAs is positive and these good 
feelings transfer to CASTLE. Course transformation brought about by LAs is 
also a natural incubator for curriculum development projects, and the connec-
tion with CASTLE provides faculty with support should they choose to pursue 
external funding. Critical to its consideration as a scholarship center, CASTLE 
has also seen growth in the amount of secured external funding (see Figure 4), 
fIgure 2. Connections and synergistic activities between CasTle programs. we 
emphasize not the individual programs, which pre-dated the center’s existence, but 
rather the multiple-connectedness of the network. In particular, the science & Math 
education research Collaborative (sMerC) and learning assistant (la) program impact 
virtually every other CasTle activity.
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providing valuable financial return that is used on administrative staff to fur-
ther CASTLE activities.
ConClusIons and lessons learned
Several lessons can be derived, in retrospect, from the story of SMERC and 
CASTLE. The fortuitous alignment of changing institutional expectations, an 
expansive definition of scholarship, interest from individual faculty, and com-
mitment to pursuing a new area of research created an environment ripe for 
fIgure 3. growth in faculty affiliated with CasTle activities. CasTle’s formal creation 
in 2013 led to a dramatic increase, spurred on by faculty seeing value in the connected 
nature of center activities.
fIgure 4. growth in secured external funding for CasTle activities.
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the formation of a new community. It took explicit administrative approval, 
encouragement, recognition and financial support to convince faculty that this 
community would benefit their path to tenure and promotion. Careful atten-
tion paid to increasing lines of communication across all levels—faculty, school 
heads and upper administration—ensured that the agendas of all remained 
aligned, even as specific wording and definitions evolved. And the focus on cre-
ating connections between many different programs created a broad network 
of faculty affiliates, including many from traditional disciplinary backgrounds, 
whose interest in course transformation connects them to the center. The net-
work breadth is a critical element of institutional stability, and CASTLE’s place 
in the college becomes more solid as new faculty become affiliated.
And what of the faculty whose meeting with the dean started it all? Four 
years later, she enters the tenure process with eight peer-reviewed publications 
in her new area, numerous internal and external grants to support her research, 
and recognition in the college and across the country as a leader in biology edu-
cation research. More important, however, is the sense of satisfaction, commu-
nity and joy she and her colleagues have found. It is this sense of shared vision 
and commitment that drove the group forward and now spreads throughout 
the college.
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Towards a Model of Systemic Change 
in University STEM Education
Daniel L. Reinholz, Joel C. Corbo, Melissa H. Dancy,  
Noah Finkelstein, and Stanley Deetz
Converging evidence concludes that certain types of teaching practices are 
most likely to improve student outcomes in undergraduate STEM courses (e.g., 
Freeman et al., 2014). Despite efforts to document and disseminate such prac-
tices, they are still not widely adopted (Henderson & Dancy, 2009). This lack 
of adoption suggests the need for new models and approaches towards institu-
tional change (PCAST, 2012). This paper advances such a model and describes 
our approaches to implementing it. 
InsTITuTIonal Change In hIgher eduCaTIon
While institutional change models are well-developed in business and govern-
ment settings (Real & Poole, 2005), similar models in higher education are only 
beginning to emerge (e.g., AAAS, 2011; Chasteen, Perkins, Beale, Pollock, & 
Wieman, 2011; Henderson, Beach, & Finkelstein, 2011). These emergent mod-
els focus primarily on changing practices associated with teaching and learning. 
Our model builds on these efforts by adding a focus on culture, in addition to 
practice, which we argue is required to effect sustained change. We situate our 
model with respect to prior efforts, particularly the Science Education Initiative 
(SEI), and highlight points of divergence. 
The SEI is a course transformation effort aimed at STEM departments 
across two institutions (Chasteen et al., under review, 2011), one of which we 
are presently working with. The SEI focuses on transforming individual courses 
across a department using a three-component model: (1) defining learning 
goals for a course, (2) identifying areas of student difficulty, and (3) develop-
ing materials to help students meet the now-established learning goals. Science 
Teaching Fellows, disciplinary experts with educational training, were hired 
into each department to help promote and guide this transformation process. It 
typically took two to three semesters to develop learning goals collaboratively 
and to implement and refine new instructional approaches. While the SEI is 
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largely considered successful, it did not explicitly focus on changing culture 
within departments. With respect to this, our faculty interviews have provided 
evidence of “slippage” in departments where reforms were made, due to the end 
of funding and new faculty who were not involved with the SEI teaching the 
transformed courses. In our work with such departments, we take the positive 
impact of SEI as a starting point for our own change efforts, with careful atten-
tion to sustaining and improving reforms. 
Our change model is built on the following principles, elaborated below:
1. We focus on both prescriptive and emergent components of change 
(Henderson et al., 2011). 
2. We pay explicit attention to sustaining the change process, focusing 
on continued improvement (Phillips, 1977).
3. We recognize the existing culture and institutional constraints, 
while focusing on reforming incentive structures to seed and sustain 
change (AAAS, 2011).
4. We take the department as a key unit of change (AAAS, 2011), while 
recognizing the need to target the university ecosystem at multiple 
levels.
These principles derive from and reflect findings from prior STEM educa-
tional transformation efforts. Henderson et al. (2011) classify such efforts across 
two dimensions: the primary target of change (individuals vs. environments) 
and whether the outcome was known in advance (prescribed vs. emergent). 
The dissemination of best practice curricula (prescribed-individuals) and top-
down policy making (prescribed-environments) were found to be ineffective 
in isolation. For instance, efforts targeted at faculty can be limited by a highly 
traditional environment (Henderson & Dancy, 2007). These findings suggest 
that change efforts should target the university at multiple levels (Henderson 
et al., 2011). 
Our experiences with the SEI highlight the need to continuously sustain 
change efforts. In general, efforts heavily driven by external support tend to re-
gress after the support is removed (i.e., education problems do not stay solved; 
Phillips, 1977), unless there are structural changes that are difficult to reverse 
(e.g., replacing lecture halls with SCALE-UP style, or studio, classrooms; cf. 
Beichner et al., 2007). In contrast, efforts that result in cultural change, rather 
than just shifts in practice, may help a department sustain its efforts without 
continued external support. Nevertheless, fundamental changes to institutional 
reward structures, providing adequate incentives for improving teaching and 
learning, are key to sustaining reform efforts (AAAS, 2011).
We take the department as a key unit of change; this allows for efforts to be 
integrated across the curriculum, rather than being implemented piecemeal in 
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isolated courses (AAAS, 2011). Given the complexity of the university (Hen-
derson et al., 2011), change strategies focused solely on individuals, not the 
systems they are embedded in, are unlikely to succeed; our model addresses the 
university ecosystem at multiple levels. 
Core CoMMITMenTs
Our change model targets the development of departmental cultures that are 
aligned with six core commitments, which we believe are emblematic of the 
culture of highly effective departments that value undergraduate education:
1. Educational experiences are designed around clear learning outcomes.
2. Educational decisions are evidence-based.
3. Active collaboration and positive communication exist within the 
department and with external stakeholders.
4. The department is a “learning organization” focused on continuous 
improvement. 
5. Students are viewed as partners in the education process.
6. The department values inclusiveness, diversity, and difference.
Although academic departments are not typically viewed as networks, they 
share important characteristics with Networked Improvement Communities 
(NICs; Bryk, Gomez, & Grunow, 2011). NICs are collaborative networks orga-
nized to address complex, persistent problems in education. Departments also 
attempt to address such problems; this requires: (1) a clear goal, (2) gathering 
of evidence to evaluate proposed solutions, (3) mechanisms for positive coor-
dination and collaboration, and (4) mechanisms for sustained learning and im-
provement (Bryk et al., 2011). These four statements, aligned with our first four 
core commitments, establish a functional problem-solving process. Moreover, 
addressing complex problems requires diverse skills and perspectives (Bryk et 
al., 2011), so the perspectives of students (commitment 5), particularly those 
from diverse backgrounds (commitment 6), are of significance.
a Model for InsTITuTIonal Change
Our change model addresses the university system as a whole, with careful at-
tention to connections across three levels: faculty (as individuals and groups), 
departments, and administration. Activities at each level are synergistic; changes 
in a department influence both individual faculty and the administration (our 
middle-out approach), and efforts at the outside levels (faculty and administra-
tion) influence the department itself (our outside-in approach). Our two ap-
proaches (see Figure 1) are synergistic, and most effective when used together. 
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Nevertheless, we have begun by studying and implementing these approaches 
separately, to better develop theory and practice before using them together in 
an integrated eff ort.
The outside-In approach
Th e outside-in approach combines eff orts at the faculty level and administra-
tive level to shift  department culture. By working with groups of faculty, as in 
the SEI (Chasteen et al., 2011), we aim to reform educational practices and shift  
beliefs about education. Contrasting with prior approaches (Henderson et al., 
2011), our eff orts focus explicitly on cultural change. 
Our approach involves creating Departmental Action Teams (DATs), which 
consist of faculty working collaboratively to address a shared issue of depart-
mental interest. Like a faculty learning community (FLC; Ortquist-Ahrens & 
Torosyan, 2009), DAT faculty have agency to choose the educational issue they 
will work on, and learning and community are considered central to the DAT. 
DATs diff er from FLCs insofar as they focus on a common, shared issue in a 
single department. Our DATs embody our six core commitments (e.g., use of 
evidence, clear outcomes) and engage faculty in a collaborative process aimed 
at shift ing how faculty engage in scholarship of teaching and learning (SoTL; 
Huber & Hutchings, 2005). We see DATs as a mechanism for local cultural 
change. To sustain our eff orts, DATs must be institutionalized through depart-
mental support. 
At the administrative level, the outside-in approach focuses on shift ing uni-
versity incentive structures and resources. At most research universities, there 
is little incentive for faculty to invest the time and eff ort required to teach ef-
fectively, because such investment is viewed as confl icting with research pro-
ductivity. When individuals (or even collections of individuals) do engage, they 
oft en do so in isolation, developing their own tools (Glassick, Huber, & Maeroff , 
1997). Th us, to sustain educational transformation, shift s in institutional in-
centive structures and resources are required. Our approach involves working 
fIgure 1. The outside-in approach (blue arrows) involves providing external support 
to the administration and faculty to impact the department. The middle-out approach 
(orange arrows) focuses on the department directly. because all levels of the university 
are linked, both approaches are intended to aff ect the university at all levels.
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with a variety of institutional structures to: (1) prioritize research-based teach-
ing practice, and (2) provide resources for faculty, departments, and admin-
istration to do so. Similarly, working with administration we seek to promote 
a faculty-developed framework for defining (and celebrating) teaching excel-
lence that can be adopted and contextualized by individual departments. Such 
a framework and approach could provide needed, locally relevant tools to shift 
the promotion and tenure guidelines and culture, if promoted by institutional 
leadership (cf. Iowa State University, 2014). In parallel with efforts to promote 
effective educational practices (e.g., technological tools, easily accessed data on 
educational outcomes, and coordinated support for pedagogical development; 
cf. Berret, 2014), we seek to simultaneously provide incentives and resources 
that promote a culture of educational excellence. 
The Middle-out approach
The middle-out approach involves a sustained change process focused on align-
ing department culture with our core commitments. We adopt strategies from 
the organizational change literature (e.g., Conversant, 2014) that have been 
successful in systems similar to academic departments to guide departments 
through a process involving five inter-related components. These include:
1. developing a department vision,
2. revising assumptions about teaching and learning,
3. developing capacity to meet learning goals (within and across courses),
4. integrating teaching and learning goals systematically with research 
and other departmental functions, and
5. developing a collaborative process for continuous assessment and 
innovation. 
We take our six core commitments above as a starting point to creating a 
shared vision, but allow for the department to build upon and interpret them 
within their local context. In essence, our core commitments lay out basic pa-
rameters for what a collaborative process might achieve. Through individual 
faculty interviews, we create “mental maps” of their beliefs around teaching and 
learning. The maps help identify areas for productive change efforts and also 
barriers to faculty embracing the shared vision (Borrego & Henderson, 2014). 
The mental maps are also tools for intervention: By sharing them with the fac-
ulty, we can shift faculty beliefs towards alignment with the vision by revealing 
assumptions and incongruities that the faculty were not previously aware. Steps 
3–5 of our process involve the department building capacity, integrating mean-
ingful teaching and learning across all department activities, and developing 
collaborative processes for ongoing assessment and innovation. 
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The activities associated with these change processes include: increase 
awareness of competing values, inculcate more productive maps of faculty work 
and student learning, and increase department capacity to meet multiple goals. 
As a result, appropriate student outcomes emerge without being prescribed by 
the change process as faculty shift their practices to align with the new culture 
they are co-creating. This shift in culture also has the potential to impact the 
administration (e.g., demonstrated success of the process could convince the 
administration to encourage other departments to engage in a similar process). 
These changes at the faculty and administration level can then further influence 
department culture, creating a sustained feedback cycle.
We anticipate this change effort would last one to two years. The process 
would involve, at minimum, a one- to two-day departmental retreat to develop 
a vision, mental maps, assessment criteria, and a process going forward that 
includes 30-day, 90-day, and one-year goals. The retreat would establish work-
ing groups to complete different tasks (e.g., establishing learning goals for the 
program, creating a more supportive environment for innovations and positive 
relationships, and revising reward systems). At regular intervals, the depart-
ment would meet to assess progress, reflect on successes and lessons learned, 
and adjust its process to move forward. The members of our project team will 
be involved as facilitators of this change process. 
saMPle aPPlICaTIons
Our preliminary efforts to implement these two approaches offer several in-
sights. We are currently engaged in our second year of activities associated 
with the STEM Institutional Transformation Action Research (SITAR) Project. 
SITAR is a three-year grant-funded project to implement and study institu-
tional change at a large research university in the USA. Our project is pres-
ently involved with four STEM departments, with plans to scale up over time. 
For this brief paper, we report on our efforts with two departments: the Runes 
Department and the Charms Department (actual names redacted for confiden-
tiality). These case studies highlight our approaches. Both of these departments 
were prior recipients of funding through the SEI. 
In all departments involved in the project, we administered a survey fo-
cused on teaching practices, beliefs, professional development opportunities, 
and promotion and tenure guidelines (all measured on Likert scales). In Runes, 
we conducted nine, one-hour interviews with individual faculty about their 
teaching and their perceptions of the department; we also engaged in one-on-
one consultations with two faculty around education projects. In Charms we 
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conducted a faculty survey and held several meetings with departmental lead-
ership to determine readiness for engagement in our change processes.
The runes department: The outside-In approach
In Runes, 31 of 34 faculty responded to our survey, for a response rate of 91%. 
Faculty indicated that social interaction (4.25 out of 5), active participation 
(4.75 out of 5), interactive learning (4.66 out of 5) and engagement (4.1 out of 
5) were very important aspects of learning. Despite these beliefs, use of small 
group work (2.6 out of 4), regular opportunities for students to talk (2.8 out of 
4), and opportunities for students to explore content before formal instruction 
(2.3 out of 4) were mixed. Most telling, instructors indicated that the statement 
“I guide students through major course topics as they listen and take notes” was 
mostly descriptive of their teaching (3.2 out of 4). These survey responses seem 
to indicate a discontinuity between professed beliefs and actual teaching prac-
tices, indicative of the institutional culture and incentive structures. This may 
be the result of SEI’s focus on the practices of faculty in this department with no 
corresponding changes at the administrative level.
Runes is spread across multiple buildings on two campuses. As a result, 
many of the faculty we interviewed reported feeling isolated; through the cre-
ation of a DAT, we aimed to create more community around education. Our 
DAT consists of six faculty members (a mix of tenure-track and non-tenure 
track faculty), and two facilitators from our project team; many of the DAT 
members were identified through our individual faculty interviews. Our DAT 
began this fall and will continue meeting regularly through the spring. The 
DAT has received department support, in the form of an instructor course buy-
out for the department lead, service credit for all members, and the sanction of 
the department chair and teaching committee. 
In the outside-in approach, our work at the administrative level is inten-
tionally lagging the work at the departmental level. At the administrative level, 
the senate has shifted its calls in its campus-wide teaching awards to focus on 
evidence-based practices (University of Colorado, 2008). Additionally, work-
ing with the faculty senate, we have revised the tools for evaluating “excel-
lence” in teaching awards (e.g., to include evidence of scholarship in teaching 
and learning, measures of student learning and engagement; cf. University of 
Colorado, 2013). Once this framework has been established and interpreted 
by departments and once the DATs have begun the process of normalizing 
evidence-based conversations about education, we will then work with the se-
nior administration to require evidence of student learning in tenure and pro-
motion decisions. In this sense, “top-down” efforts are phase-shifted relative to 
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our “bottom-up” work; only once there is sufficient faculty buy-in would such 
mandates be implemented. This would serve to institutionalize the changes al-
ready happening at the departmental level.
The Charms department: The Middle-out approach
In Charms, thirteen faculty members responded to a survey gauging interest in 
participating in our cultural change process. Twelve of these faculty indicated 
that they were interested or very interested, with only one faculty member re-
porting no interest. Based on this survey, the decision to participate in our pro-
cess was brought to a faculty vote; faculty unanimously agreed to participate. 
We have begun our preliminary data collection efforts this fall, and will begin 
the change process in the spring.
To measure the impact of our process, we are currently revising the PULSE 
vision and change rubrics (Bianco, Jack, Marley, & Pape-Lindstrom, 2013) to 
better capture shifts in culture, not just practice. We also intend to use surveys 
at the individual faculty level (inspired by Henderson, under development). The 
PULSE will serve both as a measurement tool (for pre/post testing department 
culture) and as a formative intervention tool for facilitating discussions around 
cultural change. 
ConClusIon
There is an urgent need for cultural change in STEM departments. Our change 
model aims to effect cultural change in alignment with six core commitments 
for productive departmental culture. We provide two synergistic approaches to 
using the model, which address the university ecosystem as a whole. Ultimately, 
these two approaches should be used in conjunction to effect systemic, sus-
tained reform in STEM departments. These approaches may be used simultane-
ously or sequentially; for instance, initial efforts and success with the outside-in 
approach might prompt a department to seek a more holistic change process 
through the middle-out approach. As we continue to study and implement our 
approaches, we hope to validate and refine them, providing productive starting 
points for change efforts at other institutions.
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The Science Education Initiative:  
An Experiment in Scaling Up Educational 
Improvements in a Research University
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Warren J. Code, and Carl E. Wieman
abouT The seI
Motivation
The SEI was created as an experiment in generating large-scale sustainable 
change in STEM education at an institutional scale. This model of change fo-
cuses resources at the departmental level, includes an explicit focus on course 
transformation, and provides human resources in the form of discipline-based 
postdoctoral education specialists.
Research has demonstrated that faculty often discontinue the use of in-
structional innovations, or use them in ways that may not be effective (Dancy & 
Henderson, 2010; Henderson, Dancy, & Niewiadomska-Bugaj, 2012), primar-
ily due to lack of support and structure for innovation. Many existing change 
strategies are overly reliant on a “development and dissemination” model of 
change (Dancy & Henderson, 2008). We sought a new model that provided 
some coherence to the collective efforts of faculty and administrators, rather 
than individual faculty re-inventing the wheel as they develop materials and 
learn new instructional approaches. 
The SEI was generally effective in impacting courses and faculty across the 
institutions, but many—primarily local—factors affected success in individual 
departments. In this article, we review the process and progress of the SEI, and 
reflect on lessons-learned in the SEI as a whole. These results provide useful 
guidance in the creation of scalable, institutionally-supported models of edu-
cational change. 
an overview of the seI Program and Model of Change
Initially led by author Wieman, the SEI operated at the department level. De-
partments submitted proposals to a small “SEI Central” unit for funding; this 
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funding was used primarily to hire postdoctoral fellows (Science Teaching Fel-
lows, STFs1) to support course transformation. SEI Central acted as a highly-in-
volved funding agency, providing advice, training, and administration. Funding 
was committed by the university higher-administration. 
Th e main assumptions of the model are (a) that courses transformed by fac-
ulty collaborating with the STF will be “departmentally owned,” with shared and 
sustained expectations for how these courses are taught; and (b) that changing 
faculty practices will lead to a shift  in departmental norms favoring the use of 
active-learning techniques. If these assumptions hold, then we should see im-
provements in student learning, faculty capacity, and departmental and institu-
tional norms and practice. Th is model is shown graphically in Figure 1 below.
fIgure 1. The seI Model and its intended impacts. The strength of interactions 
between players is indicated by the weight of the connecting arrow. Course 
transformation was the explicit focus of the program; faculty development was equally 
important as a program goal, but implicit in the model. areas which were enhanced at 
ubC are indicated with *.
Th e SEI was implemented at two institutions: the University of Colorado 
Boulder (CU)2 and the University of British Columbia (UBC)3: See Table 1. 
1. At UBC, STFs were termed Science Teaching and Learning Fellows, or STLFs. For simplicity, 
they are termed STFs in this paper.
2. http://colorado.edu/sei
3. http://cwsei.ubc.ca
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Table 1. key aspects of the seI Programs
Cu ubC
Period of operation 2005–2014 2006–2016 (projected)
Total funding amount $5.3 M (USD) $12 M (CAD)
Funding per department $150–$860 k (Ave $650 k1) $300 k–$1.75 M (CAD) (Ave 1.45 M4)
Funding source University University and private donors 
number of departments 6 + 1 small pilot 6 + 1 small pilot 
Total number of STFs 24 50+
1Averaged among the six fully-funded departments at each institution respectively.
IMPleMenTaTIon
funding and Proposal structure
Internal funding was found to be the only viable funding option for initiat-
ing such a program. However, at UBC, early success led to additional fund-
ing through private donors and commitments of ongoing institutional support 
from the dean. At CU, some departments supplemented the effort with external 
grants. 
Funding was distributed through a competitive proposal process, initiated 
through two separate calls for proposals. Funding was allocated based on the 
strength of the proposal—i.e., a large fraction of engaged faculty, with clear 
plans for sustaining changes. Departments were given substantial leeway in 
how to allocate their funding, though all chose to use the majority of funding 
to hire STFs. 
administration
SEI Central consists primarily of a director and/or associate director, and ad-
ministrative staff; At UBC, this consisted of two to three FTEs in the earlier 
years, and one FTE in the final years. SEI Central responsibilities included:
•	 Soliciting and reviewing proposals
•	 Administration and oversight of funding and budgets
•	 Advising on hiring of STFs
•	 Training of STFs
•	 Support of STF community
•	 Monthly meetings with STFs and departmental directors
•	 Soliciting and providing feedback on annual reports from departments
•	 Coordinating annual SEI sharing event with presentations and posters
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•	 Website maintenance, including instructional resources and course 
archive 
•	 Collaboration with other institutions.
role of departments
Departmental faculty partnered with STFs in a variety of ways. STFs often de-
veloped learning goals in collaboration with faculty working individually or in 
groups. Some departments collectively identified courses in need of change, 
and faculty worked with the STF to transform that course. In other depart-
ments, STFs and departmental directors identified individual faculty who were 
most interested in the SEI, and partnered on transformation of that faculty 
member’s courses. Each department identified a faculty member as a “depart-
mental director” to serve as a liaison with SEI Central and as the immediate 
supervisor of the STFs. The director oversaw the hiring of STFs, guided STF 
work while helping them navigate faculty working relations and departmental 
structures and politics, and served as an advocate for the SEI work within the 
department.
science Teaching fellows (sTfs)
Here we provide more detail and lessons learned about the roles of the central 
agents of change: the postdoctoral STFs.
Selection and hiring
STFs were hired as members of the department, and so the department was 
responsible for the search and hiring. STFs had typically earned a recent PhD 
in the discipline, and were interested in a discipline-based, education-focused 
postdoctoral experience. With their PhD level content-expertise, the STFs 
could meaningfully engage in content-specific work with the faculty—such 
as discussing learning goals, creating homework, and designing assessment 
items. 
Most STFs were classified as postdocs4, which naturally provided a some-
what restricted role for them within the departments. However, in a few cases, 
the status of the STF was redefined by the chair, providing a clearer, more el-
evated position for the STFs within the department hierarchy: For example, by 
framing STFs as members of the faculty (with the concomitant responsibilities), 
or actually hiring STFs as temporary instructors on a one-year contract.
4. For a short document detailing STF roles and skills, as used in STF training, see http://www 
.cwsei.ubc.ca/resources/STLF-develop.htm
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Roles
STFs engage in a wide variety of activities (Table 2) to organize, facilitate, and 
enable the department faculty to achieve the changes set forth in their depart-
ment’s proposal to the SEI. 
Training and community
New STFs attended regular training sessions on education and cognitive 
psychology, research-based instructional practices, education research, and 
working with faculty effectively (e.g. communication and negotiation skills). 
Additionally, all STFs met regularly in semi-structured meetings. Over time, 
this training course was more formalized and carefully designed5, and senior 
STFs were recruited to help teach the training course and run regular meetings.
5. See http://www.cwsei.ubc.ca/resources/STLF-develop.htm for an outline of the weekly 
training sessions. 
Table 2. roles of science Teaching fellows
Facilitating faculty communication  
and consensus building
Collecting, distilling, and communicating data  
to support and guide faculty efforts
Developing curricular materials and teaching approaches  
in collaboration with faculty
Serving as a departmental resource for education research  
and evidence-based teaching methods 
Facilitating sustainability by archiving  
and disseminating materials
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The seI approach to Course Transformation
The SEI approach to course transformation uses a backwards design model 
(Wiggins & McTighe, 2001), in which specific, assessable learning objectives 
drive the assessment and instruction in a course. Figure 2 shows the essential 
questions used as guidance for SEI course transformation projects.
fIgure 2. The seI Course Transformation Philosophy
In particular, this resulted in the development and documentation of:
•	 learning goals, preferably through faculty consensus;
•	 student difficulties, based on observation and/or literature;
•	 instructional materials, based on learning goals and student difficul-
ties, such as clicker questions, in-class activities, recitation materials, 
labs, and homework;
•	 conceptual assessments, typically validated or unvalidated pre-post 
tests; and
•	 dissemination of course materials through online archives6. 
We have written at length in other publications about the SEI course transfor-
mation approach (Chasteen et al., in press; Chasteen, Perkins, Beale, Pollock, 
& Wieman, 2011; Chasteen & Perkins, 2014), and refer the interested reader to 
those publications for more detail.
6. See http://www.colorado.edu/sei/fac-resources/course-archives.htm and http://sei.ubc.ca/
materials/Welcome.do 
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resulTs
In this section, we briefly review some of the documented outcomes from the 
project—a full analysis is beyond the scope of this paper. Evaluation is ongoing, 
and further publications are expected in the near future. Details of the evalu-
ation methods, and more discussion of the outcomes, are available elsewhere 
(Chasteen et al., in press).
As shown in Table 3, a sizeable fraction of courses, faculty, and students 
were impacted by the SEI work. Our data indicate that most approaches did 
follow a backwards design model (though as we will discuss later, this wasn’t 
necessarily the best way to get faculty involved in course transformation.) The 
available publications (and unpublished data) show a positive effect on stu-
dent learning, but data are limited. The challenge of collecting baseline data for 
comparison, and of publishing data on student outcomes, is one of the lessons 
learned in the program. It was particularly challenging to administer assess-
ments to traditionally-taught courses. There was often little incentive for faculty 
to devote time and energy to this activity, and an eagerness to begin work on the 
course. Often, assessments were not available until after the course approach 
had already changed. In some cases, collection of baseline data created tension 
in the department because faculty felt that they were being set up for failure.
Table 3. Courses, students, and faculty Impacted by the seI
Cu ubC
Courses impacted
Number of courses with SEI involvement 103 167




Total annual enrollment in courses with SEI involvement 18,000 43,000
Percent of annual enrollment (in SEI departments) in courses 
with SEI involvement
50% 67%,  
(78% without math)
faculty impacted
number of faculty making some use of the STF 190 not available
Percent of faculty (in SEI departments) making SEI supported 
changes
49% 48%  
(57% without math)
Note. Student enrollment represents the number of student seats, not unique students. Within any one depart-
ment, the percent of courses ranged from 15–55%, the percent of student enrollments ranged from 30–85%, 
and the percent of faculty ranged from 10–93%. Mathematics at UBC is removed from some data as noted, as 
it is anomalous among SEI programs, due to cultural approaches towards teaching in the department.
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The impacts of the program on departmental norms—and the sustainabil-
ity of changes made through the SEI—are still under evaluation. At CU, 77% of 
N=97 faculty surveyed indicated that the number of conversations they have 
with their colleagues about teaching has increased due to the SEI. Additionally, 
in interviews, many faculty have lamented the loss of the STF, and have indi-
cated that they would like the SEI to continue—in many cases indicating that 
this would be a worthwhile use of precious departmental funds.
The success in each department depended strongly on the timing of the 
proposal, the departmental culture and organizational structure, how teaching 
assignments are handled, the department chair, and the departmental direc-
tor and STF. In one particular department case (Huber & Hutchings, 2014), 
however, these various factors conspired to generate a highly favorable environ-
ment for change, resulting in high rates of adoption of active-learning strategies 
and supportive infrastructure changes in the department (Huber & Hutchings, 
2014). In other departments, change has not been quite so sweeping, and the 
SEI made varying levels of progress towards changing the culture of teaching. 
Across departments generally, when faculty participated in course transforma-
tions they showed faithful and sustained use of new teaching methods (Wie-
man, Deslauriers, & Gilley, 2013).
lessons learned
While the SEI model was generally successful, some program structures were 
modified to address early difficulties. Due to its later start date, many lessons 
learned from the CU SEI were incorporated into the UBC SEI (see Figure 1). 
level of funding 
Program funding levels need to be sufficient to convince departmental leader-
ship to invest the time and political capital required to get faculty consensus 
and spark action. SEI leadership had hoped to offer $1.5–2.0M USD per depart-
ment, but was constrained by budget. In some CU cases, it appears that the level 
of funding was too small to create an appropriate level of urgency and action 
within a department. In contrast, we saw no evidence of this reaction in the de-
partments at UBC, which had overall higher funding levels. The greater fund-
ing at UBC also allowed the hiring of a larger cadre of STFs, and more funding 
for administration to provide oversight and support. 
Proposal structure 
We found that departments required more guidance than was originally pro-
vided in order to generate a successful proposal (and later execute the work.) 
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The biggest problem was a lack of specificity—what would be done, who would 
be responsible for doing it, and how changes would be sustained. Proposals, in 
many cases, had the intended effect of catalyzing departmental faculty to com-
mit to a shared vision of change, but in some cases this failed. 
The proposal process was significantly modified over time7 to require 
clearer commitments to specific deliverables and timetables. At UBC, SEI Cen-
tral helped departments iteratively improve their proposals, typically by pro-
viding small amounts of seed money to initiate programs, building towards a 
successful proposal for full funding. 
Programmatic oversight
Over time, it was found that additional oversight of departmental progress was 
needed, along with potential consequences for faculty failing to follow-through 
on commitments. One solution (at UBC) was to make continued funding con-
tingent on progress. In reality, since withdrawal of funding would unfairly pe-
nalize the STF, limitations were placed on the replacement or hiring of new 
STFs in departments that did not make adequate progress. However, flexibility 
was needed when responding to shortcomings with respect to meeting goals 
and deadlines. Due to the absence of prior experience, it was difficult to know 
how to set realistic expectations. 
The work of the STFs also required additional oversight, especially since 
most departmental directors did not have backgrounds in the scholarship of 
teaching and learning. At UBC, more explicit requirements were instituted for 
the STFs to attend meetings and submit regular reports. Additionally, the STF’s 
role within the department was clarified8. Many of these changes were imple-
mented through regular meetings with directors, SEI Central, and a representa-
tive from the dean’s office.
Oversight from higher administration was also beneficial. The dean at UBC 
placed high importance on selecting department heads who supported the SEI, 
and contacted heads who were not following through on their commitments. 
This involvement had a clear impact that was not present at CU. 
faculty Incentive 
Given the absence of institutional incentives to improve teaching, depart-
ments at UBC provided desirable “perks” to faculty, such as teaching buyouts 
and/or extra teaching/research assistants as part of the SEI. These perks provided 
7. The most recent call for proposals (from 2007 and 2010) are at http://www.cwsei.ubc.ca 
/about/funding.htm and http://www.colorado.edu/sei/about/funding.htm.
8. For a two-page description of the STF role, along with examples, see http://www.cwsei.ubc 
.ca/resources/STLF-develop.htm
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additional motivation to follow-through on the project goals, and compensated 
for the extra time needed to transform a course. When handled properly, with 
explicit expectations and deliverables, these perks were quite successful.
departments, departmental Chairs and directors 
The success of the SEI in various departments was also related to the culture 
and structures of the department, the interest and commitment of its faculty, 
chair and director. In general, departments that were more successful were 
those in which the mission of the SEI coincided with other departmental pri-
orities, where the SEI was championed by the chair, and in which there was a 
collegial atmosphere toward teaching and learning.
Additionally, the effectiveness of a director varied by their standing and re-
spect in the department, level of availability and interest in the SEI mission, and 
management ability. The choice of a director was localized within the depart-
ment, and SEI Central had limited opportunity to affect this selection.
sTfs: hiring and roles
We found that, usually, departments benefitted from additional guidance from 
SEI Central on how to select applicants likely to be successful in this unusual 
role. Factors such as teaching experience, content knowledge, interpersonal 
skills, familiarity with the individual department, respect for faculty, attention 
to detail, and work ethic all contribute to success in a complex and unique job.9 
As stated previously, additional clarification on the potential roles5 of the 
STFs was beneficial in helping departments envision what the STFs could, and 
could not, do. For example, STFs were originally discouraged from being a pri-
mary course instructor as their funding was neither intended to replace typical 
faculty duties, nor to employ them as sessional instructors. Teaching experience 
for STFs was later seen as valuable enough that it became common for them to 
be instructors of record, typically paid separately (i.e., not out of SEI funds), 
such as a one-semester course per year or less. 
sTfs: Community and Training
At UBC, the training model was more successful due to the larger number of 
STFs (providing a critical mass of new and existing STFs to run and participate 
in training each year). 
With the larger number of STFs at UBC, it was also possible to build a 
stronger STF community—both among and within departments. STFs met 
9. For a full description of the features of an effective STF, see the “STLF Reflections on their 
Job” document at http://www.cwsei.ubc.ca/resources/STLF-develop.htm
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regularly as a group at both institutions, but at UBC, the expectations for at-
tending these meetings were more explicit, as were regular written reports on 
activities, and included a weekly or biweekly reading group led by experienced 
STFs. This vibrant STF community has contributed greatly to STF capacity at 
UBC. We note that the skills acquired in this position have resulted in high de-
mand for STFs, who have gone on to diverse careers (e.g., instructor, academic 
advisor, staff in teaching and learning centers, education research faculty, and 
traditional academic positions).
Course transformation and backwards design
The somewhat linear model of backwards design was not always the most ef-
fective. Development of effective learning goals was found to be surprisingly 
difficult, and not always highly motivating for faculty. Starting with smaller, 
concrete changes to classroom practice was often more motivating to faculty, 
especially if these addressed an existing concern about their course. 
Introductory courses were also not necessarily the best starting point; these 
courses often involve multiple faculty and entrenched, overloaded curricula. In 
some departments, STFs found that they made more headway in meaningful 
change when focusing on a portion of a course, on smaller upper-level courses, 
or on courses where there was specific faculty interest. 
dIsCussIon
In essence, this work provides an “existence proof ” that it is possible to gener-
ate change in STEM departments, without changes in the institutional incen-
tive system. That said, such institutional changes would greatly help—a major, 
ongoing challenge was the underlying conflict between the goals of the SEI and 
how teaching is assessed and rewarded at the university level. Faculty contin-
ually raised the concern that paying more attention to teaching would nega-
tively impact their research productivity. Given the amount of effort required 
in course transformation, intrinsic rewards are often not sufficient to motivate 
faculty to engage and sustain the changes.
While such institutional changes are yet to appear, however, the SEI has 
shown that postdoctoral Science Teaching Fellows can fill an important need 
in departments. This “embedded expertise” provides valuable resources of time, 
information, and non-pejorative coaching to support faculty within a depart-
ment. But, even with such resources, change is not easy or automatic; local fac-
tors played an important role, including levels of leadership, organization, and 
commitment within a department. The main lessons learned in the program are 
perhaps not surprising: 
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1. STFs need support, in the form of training, STF community, and su-
pervision—which we feel is beyond the current scope of most teach-
ing and learning centers. 
2. Explicit commitments, oversight, and accountability are needed 
for success. Such a novel approach to education and teaching is too 
large a cultural change for most departments to automatically carry it 
out effectively, and so oversight and support is necessary, and must be 
written into the structure of the program along with adequate funding. 
To place this work within a theoretical context, we consider the four change 
strategies identified in the literature (Borrego & Henderson, 2014; Henderson, 
Beach, & Finkelstein, 2011; see Figure 3):
•	 Disseminating Curriculum & Pedagogy
•	 Developing Reflective Teachers
•	 Developing Shared Vision
•	 Enacting Policy
These strategies operate at a range of levels (group vs. individual), and as-
sume different directionality of change (prescribed vs. emergent). The original 
vision of the SEI model was that change would operate at all levels: institu-
tional (commitment to invest in the SEI), departmental (faculty collaboration 
on the SEI proposal, leading to shared vision), and faculty (developing reflected 
teaching practice and knowledge about curriculum and pedagogy through the 
ensuing course work). Over time, the changes in faculty practice would lead to 
cultural shifts in what matters about teaching and learning in the department 
and the university as a whole—leading to large-scale changes in shared vision, 
reflected in policy. Such a multi-level approach is recommended by Borrego & 
Henderson (2014).
In practice, the success of this model depended on (a) local departmental 
factors described previously, plus (b) the level of support and oversight at the 
proposal stage and (c) institutional oversight. At CU, where (b) and (c) were not 
strongly present, changes in departmental culture depended strongly on the de-
partment in question. At UBC, where there was a greater critical mass of STFs 
for a longer time, stronger institutional support, and a larger SEI Central com-
munity and support, the SEI had a greater, though still not totally successful, 
capacity to influence departmental-level decisions by developing new advocates 
for change among the faculty, and by providing departments a more complete 
analysis of student performance through data. 
This theoretical deconstruction is useful as it provides relevant informa-
tion on where change models might add to the SEI approach—in the areas of 
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developing shared vision and enacting policy. Existing literature on leadership 
and effective team structure (e.g. Kotter, 2012; Pentland, 2014) provides many 
best-practices in this area. Additionally, it may be fruitful to expand the embed-
ded expertise model to include initial groundwork within a department prior 
to an accepted proposal. For example, an intensive process of needs analysis, 
such as that used in Project Kaleidoscope (PKAL; http://pkal.org) could gener-
ate more successful, collective vision within departments. Including a variety of 
structures, support, and oversight during the project may help future programs 
achieve even more substantial changes in STEM education.
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Planning Transformation of STEM Education 
in a Research University
Robert Potter, Gerry Meisels, Peter Stiling, Jennifer Lewis,  
Catherine A. Bénetéau, Kevin Yee and Richard Pollenz
It is widely accepted that today’s innovation economy requires a work force 
that is well-grounded in STEM (NAP, 2005 and 2010). Major public research 
universities play an important role in meeting this need because they educate a 
large fraction of all students, especially those interested in STEM. Yet we know 
that nearly two thirds of students who begin their studies in one of the STEM 
disciplines change majors to continue in non-STEM fields (PCAST, 2012). The 
University of South Florida (USF) is no exception: Only 33% of entering first-
time-in-college students (FTIC) who have declared a STEM major graduate 
with a STEM degree within six years (Pollenz et al., 2014).
Decreasing this loss of initial STEM majors provides one of the best op-
portunities to increase the number of professionals in the STEM disciplines. A 
retention rate of 50% would provide nearly all the STEM-competent graduates 
needed by industry at this time (Carnevale et al., 2010). To achieve this end, uni-
versities must adopt evidence-based classroom strategies. However, improving 
classroom practice that leads to increased retention historically has not been as 
valued or as rewarded as have research accomplishments in research universi-
ties (Anderson et al., 2011). Changing that culture is one of our goals; achiev-
ing this requires more collaboration among faculty in teaching, professional 
development, support for change, alignment of policies with desired outcomes, 
and interaction of university faculty with secondary schools and community 
colleges (Labov et al., 2009; Anderson et al., 2011; Kober, 2015).
Data alone will not lead to change, but are the foundation on which effec-
tive arguments can be developed. This is our objective at USF, an urban research 
university that enrolls 44,000 students annually and is among the top 25 pub-
lic universities in external funding for research. USF began pursuing cultural 
change more than a decade ago with a variety of programs, partially supported 
by NSF, HHMI, FL DOE, and US DOE. Programs to improve student outcomes 
have included:
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•	 Creating the USF Academy for Teaching and Learning Excellence 
to support faculty professional development.
•	 Establishing the STEM Education Center, a summer program for 
high school students.
•	 Founding the Coalition for Science Literacy to improve teaching in 
grades five through 16.
•	 Developing a data base that provides detailed information on reten-
tion of STEM majors.
•	 Opening the SMART Lab (Science, Math, and Research Technology) 
which provides 330 computers for computer-assisted learning.
•	 Participating in the STEM Talent Expansion Program (NSF-STEP) 
to improve key gateway mathematics courses.
•	 Joining the Leadership Alliance, a consortium to develop underrep-
resented students into outstanding leaders.
•	 Launching the USF-HHMI STEM Academy to enhance student suc-
cess and persistence in biology and biomedical sciences.
•	 Vigorously pursuing Discipline-Based Education Research (DBER) 
by hiring four additional faculty in 2013, bringing the total to eight. 
Of special note is the Student Success Initiative, which began in 2009 with 
a provost-appointed task force. The group’s task was to radically rethink student 
success with particular focus on retention, progression, and professional school 
and career readiness. The Office of Student Success (http://usfweb3.usf.edu/stu-
dentsuccess/ ) was created the next year and the faculty leader of the task force 
was appointed vice provost for student success. This Student Success Office has 
worked with deans to implement the new policies, procedures, practices and 
programs recommended by the taskforce. Our efforts toward STEM student 
success are fully in alignment with the larger university-wide goals providing a 
political and potential resource advantage.
USF also led a number of programs to provide content-focused professional 
development of teachers. 
PlannIng TeaM
In early 2013, we appointed a team to create a widely accepted and supported, 
coherent plan for cultural change. Our goal being a culture that values teaching, 
as well as research, and one where faculty and GTAs employ student-centered 
approaches using evidence-based teaching methodologies. 
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The 12-member team has been key to the success of the planning process. 
It is broadly constituted of faculty from three colleges, college and provost-level 
administrators, and the director of the teaching and learning center: 
•	 Catherine Beneteau, Mathematics & Statistics, co-PI
•	 Scott Campbell, Chemical Engineering
•	 Allan Feldman, Science Education
•	 Gladis Kersaint, Mathematics Education and Associate Dean, College 
of Education
•	 Randy Larsen, Chair, Chemistry
•	 Jennifer Lewis, Associate Chair, Chemistry, co-PI
•	 Gerry Meisels, Chemistry and Director, Coalition for Science 
Literacy, PI
•	 Richard Pollenz, Cell, Molecular, and Microbiology and Associate 
Dean, Undergraduate Studies
•	 Robert Potter, Chemistry/Biochemistry and Associate Dean, College 
of Arts and Sciences, co-PI
•	 Les Skrzypek, Chair, Mathematics and Statistics
•	 Peter Stiling, Past Chair, Integrative Biology, Special Faculty Assistant 
to the Provost for STEM Initiatives, co-PI
•	 Kevin Yee, Director, Academy for Teaching and Learning Excellence
Supported by a planning grant from NSF’s WIDER program, the plan-
ning team (PT) began meeting at least bi-weekly in September 2013. The team 
quickly agreed upon a bottom-up/top-down approach to creating cultural 
change (Kezar 2012). The PT developed a common understanding of the is-
sues, analyzed data and institutional context and began to design a change plan 
that continues to evolve. Efforts fall into six groups: student progression data, 
the seminar series, faculty learning community, the advisory board, policy and 
context analysis, and the current action plan. 
student Progression data
USF admits annually a freshman (FTIC) cohort of 3,500–4,000; 26% are His-
panic or African American, 58% are female and 16% are first-generation col-
lege students. FTIC includes about 1,700 STEM majors (microbiology, marine 
biology, chemistry, geology, math, physics, statistics, information systems and 
engineering majors). Nearly 1,000 of the 1,700 STEM majors (57%) declare ma-
jors in biology (cell biology, microbiology, integrative biology, marine biology) 
and the biomedical sciences (BMS). 
Of the STEM-FTIC who entered in 2006 and 2007, within a six-year pe-
riod 33% received a degree in the STEM major they had declared initially, 3% 
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in another STEM major, and 27% in a non-STEM major. We evaluated the 
curricular progress of the 553 biology and biomedical science majors who left 
these degree programs and earned a non-STEM degree from USF. The analy-
sis focused on: i) credentials (Q SAT score and AP credit), ii) the number of 
semesters they remained in the major, iii) course progression and academic 
performance through the gateway and majors STEM courses, iv) number of 
credits, v) trackable undergraduate research experience and vi) GPA at major 
change and at graduation. 
Three student groups of increasing academic performance were identified. 
Only 21% of the students who left the BIO/BMS major were struggling to com-
plete the curriculum. Thirty percent left the STEM majors in high academic 
standing and having passed biology and calculus. These results suggest several 
areas for reform:
•	 New courses/experiences in the summer or first year to build com-
munity within the student population and connect them with their 
“major” (Pinto, 1993; Rovai, 2002; Estrada et al., 2011; Graham et al., 
2013).
•	 Modified introductory gateway courses that engage students in the 
content and help make direct connections to biological sciences.
•	 Early exposure to undergraduate research either through revision of 
laboratories or through other innovative methods (e.g., UT Summer 
Research Institute).
The Transforming sTeM education seminar series:  
Its Critical features and Important role in the Transformation Plan 
The seminar series has been the centerpiece of planning and the most visible 
outcome of the process. It built awareness of the need to improve instruction for 
undergraduates generally and drew attention to the special needs of students 
from population groups underrepresented in the STEM disciplines. The series 
also highlighted evidence-based instructional practices as a way to improve stu-
dent outcomes, and strategies to create systemic change. The series developed a 
larger community of interested and motivated individuals who helped lead the 
change process on campus.
The planning team identified and invited high profile speakers and sched-
uled them in a monthly series on the same day of the week in the same location. 
The advisory board was very helpful in creating the following list: 
•	 Dr. Adrianna Kezar; USC (December 10, 2013). STEM Education, 
Shared Leadership, and You
144 CASE STUDIES—ProjECTS AT ThE InSTITUTIon LEvEL
•	 Dr. Vasti Torres; USF (January 14, 2014). Do Students Under- 
Represented in STEM Experience the Learning Environment 
Differently?
•	 Dr. Richard Pollenz; USF (February 18, 2014). Understanding 
Institutional Data Can Inspire University-Wide Adoption of  
Evidence- Based Practices in STEM Education
•	 Dr. George Kuh; IU (March 5, 2014). Fostering STEM Student 
Engagement: What Matters
•	 Dr. Melanie Cooper; MSU (April 18, 2014). Evidence-Based 
Approaches to STEM Education
•	 Dr. E. William Wischusen; LSU (Sept. 9, 2014). Impact of a  
Pre- Freshman Boot Camp on Student Performance
•	 Dr. Jay Labov; NAS-NRC (Oct. 8, 2014). The Changing National 
Landscape of Undergraduate STEM Education
•	 Dr. Linda Slakey; Sr. Adv. AAU STEM Ed. former Director 
Undergraduate Div. NSF (Nov. 4, 2014). Making Student-Centered 
Teaching the New Normal: Are We at a Tipping Point? 
•	 Dr. Shirley Malcom; Head of Education and Human Resources 
Programs at AAAS (Dec. 2, 2014). Undergraduate STEM  
Education: Moving Diverse Populations from the Margins to  
the Center
•	 Dr. Michael Klymkowsky; UC Boulder (Feb. 17,. 2015). The 
Challenges of Active Learning and Coherent Curricula in the Sciences 
•	 Dr. Gabriela Weaver; U. Mass. (April 21, 2015). Shiting the  
Teaching Culture in a Research University to Student-Centered 
Approaches 
E-mail invitations to seminars were sent to over 400 individuals: all faculty, 
advisors and graduate students in Natural Sciences and Mathematics, faculty in 
the College of Engineering, and key upper level administrators. Planning team 
members also sent individual follow up requests using personal connections 
to stimulate interest. The initial invitations contained several items designed to 
inform and build momentum for change. E-mails began with “You are invited to 
our ‘fourth’ event on exploring strategies to transform STEM education at USF in 
order to increase the retention and proficiency of STEM majors, especially of those 
who are members of underrepresented groups.” In addition, messages included 
invitations to a post-seminar discussion and a pre-seminar subject exploration 
and discussion of readings. The readings (suggested by the speaker) were in-
cluded as attachments with the invitation. Faculty and graduate students could 
obtain a certificate of completion from our Academy for Teaching and Learning 
Excellence if they attended at least four seminars.
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Speakers served three important functions. First, they provided a valuable 
high profile window onto the national scene. Second, they shared state-of-the-
art insight on some aspect of best practices in undergraduate STEM education 
and on the change process. Third, speakers served as ambassadors for USF’s 
change process. During their visit, speakers were familiarized with USF by 
meeting with several of the constituent groups prior to the seminar. Selected 
planning team members attended breakfast then speakers met our eight dis-
cipline-based education research (DBER) faculty in science and mathematics. 
They had lunch with members of the science instructor group and finally met 
with interested graduate students prior to the seminar.
Seminar attendees signed in at the door of the seminar and received name 
tags, a one-page bio of the speaker, and a summary of past events with take-
home lessons. The list of past seminars and take-home lessons helped us empha-
size continuity and reinforced key ideas adding to the momentum for change. 
Two examples are shown below:
Dr. Adrianna Kezar (December 10, 2013)
Professor of Higher Education and Co-Director of Pullias Center for 
Higher Education, University of Southern California 
STEM Education, Shared Leadership, and You
Take-Home Lessons
•	 Start with vision first—change without direction won’t work
•	 Use institutional data to determine how to proceed
•	 Faculty must be a central part of determining direction and impetus 
for change (it cannot be top-down)
Dr. Vasti Torres (January14, 2014)
Dean of the College of Education and Professor of Education, 
University of South Florida
Do Students Under-Represented in STEM Experience the Learning 
Environment Differently?
Take-Home Lessons
•	 Students are very far from homogenous, and their unique circum-
stances or backgrounds may result in additional difficulties in com-
pleting a STEM major.
•	 An ideal way to treat students is as unique individuals, with no pre-
conceived notions on the instructor’s side. This is partly accomplished 
by not assuming common cultural stereotypes or references when 
teaching.
Response to the seminar series has been excellent, with attendance ranging 
from 40–80 people with 158 different people having participated in one or more 
events. 
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We have been purposeful in distributing the face of leadership for change by 
consistently referring to the planning team and providing all names on the sem-
inar invitation. We have three different members of the team involved directly 
in each seminar. One welcomes the attendees describing the NSF grant-funded 
project supporting the series and its intended outcomes. Another faculty in-
troduces the seminar speaker and one team member facilitates the interactive 
discussion session with the speaker after the seminar. These assignments are 
rotated among all team members. Finally, the PI leads the speaker’s meeting 
with the planning team at the end of the day.
faculty learning Community development
The PT formed a faculty learning community (FLC). FLCs are a widely rec-
ognized method of increasing faculty buy-in and beginning the process of 
culture change with those working on the front lines (Cox 2004). FLCs may 
take many forms, ranging from informal to incentivized, or from intention-
ally topic-driven to community-focused without a pre-determined course of 
investigation. We chose this open-topic approach which emphasizes building 
community and creating a cohort of faculty dedicated to change and to explora-
tion. The absence of financial incentives for participation resulted in only those 
dedicated to the endeavor attending on a regular basis. 
We cast a wide net; all full-time faculty in STEM departments were invited 
to attend the first meeting with free lunch, hosted using local university funds. 
More than 50 faculty attended. The group discussion addressed effective teach-
ing practices in STEM disciplines, which led to a free-ranging discussion. At the 
conclusion of the event, more than two dozen indicated interest in continuing 
to meet every couple of weeks, and so the FLC was formed organically. 
The FLCs met every month over the academic year, at first experimenting 
with online polls to arrange a meeting date and time, and then settling into 
a routine when the most participants could attend. Scheduling is a persistent 
issue with FLCs (Cox, 2004), particularly when participants do not originally 
sign up with a set schedule in mind. Attendance waned in predictable fashion 
over the year, yet with 15–20 participants commonly present at each meeting. 
A typical FLC meeting started with a brief presentation of a technology, a 
technique, or a discrete piece of content (text or video), and then followed with 
a discussion of the pros, cons, obstacles, and workarounds to the idea being 
reviewed. The overall tenor of the discussions was one of collegiality, as it was 
recognized from the beginning that the FLC needed to function in an informal 
setting, with emphasis on sharing over formal presentations—a model com-
monly referred to as a community of practice (Wenger, 1998). It typically ended 
with a group decision on what to explore in the next session.
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Early in the series of meetings, the director of the Academy for Teaching 
and Learning Excellence (ATLE) provided participants with a custom-built 
“menu” of practice-based (and research-tested) course interventions. These in-
terventions were separated into categories such as “appetizers” (easy to imple-
ment), “entrees” (more encompassing to implement, but a proven high-impact 
strategy) (Kuh, 2008), and “desserts” (interesting, useful, and cutting-edge 
ideas, often technology-based, that might be fruitfully explored by experienced 
instructors to provide additional benefit in their teaching practices). The ATLE 
menu provided a range of possible topics for the FLC to explore in future meet-
ings, such as the flipped classroom, peer learning/use of student-response sys-
tems (“clickers”), and interactive techniques to use in lecture halls. 
The FLC achieved its desired goal of creating a vibrant community of en-
gaged, committed participants dedicated to improving their teaching. Such 
an FLC transforms participants into teaching-interested ambassadors within 
their home departments. One unexpected benefit has been interdepartmen-
tal collaboration. The inherent networking of the multidisciplinary meetings 
led to recognition of where course content overlapped and to ideas on how to 
streamline, enhance, and align STEM content not just across courses but across 
departments. The collaboration also led to interdisciplinary research investiga-
tions, as the networking enabled like-minded researchers to find allies in other 
departments for planned explorations, both in disciplinary science and in the 
teaching of STEM content. 
advisory board: Composition and role in Transformation Planning
The composition of the advisory board was determined by the planning team 
during the development of the grant and purposely identified external thought 
leaders in organizational change and undergraduate STEM education. The 
deans of the relevant colleges were added as internal members based on their 
influence on faculty and their role in resource allocation. 
Project advisory board
•	 ERIC R. BANILOWER, Senior Researcher and Partner, Horizon Re-
search, Inc. 
•	 MICHAEL N. HOWARD, Consultant in evaluation, research, pro-
gram development, and technical assistance; mathematics, science, 
and technology education. 
•	 ADRIANNA KEZAR, Professor for Higher Education, University of 
Southern California and Co-director of the Pullias Center for Higher 
Education.
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•	 GEORGE D. KUH, Chancellor’s Professor of Higher Education Emer-
itus at Indiana University Bloomington. 
•	 JAY B. LABOV, Senior Advisor for Education and Communication for 
the National Academy of Sciences (NAS) and the National Research 
Council (NRC). 
•	 ERIC M. EISENBERG, Professor of Communication and Dean of the 
College of Arts and Sciences, USF.
•	 RAFAEL PEREZ, Professor of Computer Science and Engineering and 
Associate Dean of Academic Affairs, the College of Engineering, USF.
•	 VASTI TORRES, Professor of Educational Leadership and Dean of the 
College of Education, USF.
The advisory board has been critical to the evolution of the plan for trans-
formation. Board members have served as seminar speakers, provided advice 
on future speakers, provided input on the design of the logic model for the proj-
ect, and helped identify missing elements in our preliminary plan. They have 
also provided options for solving some of our planning conundrums.
Policy and Context analysis
The planning team realized early on the importance of identifying policies and 
systems that could either hinder or facilitate the transformation to evidence-
based instructional practices. The major policy barriers were identified to be the 
evaluation of teaching and its role in personnel decisions, disciplinary faculty 
teaching assignments, space allocation and room organization. Currently, the 
university has too few of the flexible learning spaces necessary to accommodate 
the active-learning environments needed for many evidence-based practices. 
The team has been working with the vice provost for student success to remedy 
this problem and ensure that faculty and students have greater access to these 
types of classrooms. Teaching evaluations currently rely heavily on student 
judgment, while other relevant information is largely lacking. The chairs have 
now begun discussions in departments as to how to more effectively and fairly 
judge quality teaching. Models from other research institutions will be provided 
to seed the discussions. The plan will call for teaching assignments to encourage 
and reward redesign and team teaching. The resulting resource needs will have 
to be negotiated with the USF administration, with initial costs hopefully se-
cured from external sources. The now four-year-old Student Success Initiative 
(described earlier) is a primary component of our university’s strategic plan and 
is fully aligned with the transformation plans. This coincidence facilitates upper 
administrative support and increases the potential for resources. The Univer-
sity’s new tenure and promotion guidelines require excellence in both teaching 
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and research, adding new emphasis to the value and expectations for teach-
ing effectiveness. Finally, the State University System of Florida has instituted a 
new Performance Based Funding Model almost totally based on undergraduate 
outcomes (University System of Florida Board of Governors 2014). The trans-
formation to more effective evidence-based practices in STEM should improve 
student outcomes and hence performance metrics, making performance fund-
ing a potentially significant source of support for the change process.
Current action Plan
As we have continued to learn from our collective experiences over the past 
year, the following elements of our evolving plan have emerged:
•	 Continue the seminar series: 
 ◦ Build awareness, understanding and a common language around 
reform
 ◦ Make teaching more public and more community involved.
•	 Work with faculty and departments to develop a coherent, engaging 
and rigorous STEM experience for students:
 ◦ Expand evidence-based practice into all gateway science and math-
ematics courses (involves curriculum/course content redesign).
 ◦ Facilitate departmental and interdepartmental discussions of evi-
dence-based practice and interconnections in curriculum.
 ◦ Build meaningful connections between and among foundational 
courses across disciplines. 
 ◦ Over time, introduce evidence-based practice in upper-division 
courses.
 ◦ Establish small-group student support systems, building on pre-
college programs and first-year university experience courses.
 ◦ Chronicle processes and evaluate progress (faculty and student 
outcomes).
•	 Address remaining policy issues (space, teaching evaluations).
suMMary
The current planning process is in reality many years in the making and has 
been developing through a more informal, but growing, network at USF. The 
WIDER planning grant brought greater coherence, systemic thinking, a greater 
will to act, and increased administrative and faculty attention to evidence-
based practice and the national concern about undergraduate STEM education. 
The apparent progress and success at USF suggest that institutions wishing to 
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develop adoption of evidence-based strategies in their STEM courses should 
take a three-part approach: (1) build a community of faculty who are commit-
ted to changing classroom practice; (2) adopt a bottom-up/top-down approach 
to change after the foundation is laid; and (3) provide adequate institutional 
resources for planning, leadership, and implementation. 
This work was supported in part by NSF grant DUE-1347753.
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Catherine A. Bénetéau is an Associate Professor of the Department of Math-
ematics and Statistics at the University of South Florida in Tampa, Florida.
Kevin Yee is the Director of the Academy for Teaching and Learning Excellence 
(ATLE) at the University of South Florida in Tampa, Florida.
Richard Pollenz is a Professor of the Department of Cell Biology, Microbiology, 
and Molecular Biology and the Associate Dean and Director of the Office for 
Undergraduate Research at the University of South Florida in Tampa, Florida.
 153
7
Supporting STEM Education:  
Reflections of the Central Indiana 
Talent Expansion Project
Lisa Bunu-Ncube, Jeffery X. Watt, Howard Mzumara, 
Charles R. Feldhaus, Andrew D. Gavrin, Stephen P. Hundley, 
and Kathleen A. Marrs
A National Center for Educational Statistics study of six-year graduation data 
indicates that nationally, 59% of STEM majors fail to complete their degree, 
with 21% of those changing majors to a non-STEM field (NCES, 2000, 2009). 
The National Science Board’s Science and Engineering Indicators 2000 and 
2014 reports reinforce these conclusions: STEM degrees granted today remain 
below levels reached in the early 1990s (NSB, 2000). Yet, the U.S. Department of 
Labor projects that jobs requiring technical degrees will grow to an estimated 6 
million job openings by the end of the decade—the majority being in computer 
sciences, mathematics, medical and health technology, and engineering (US 
Bureau of Labor Statistics, 2010). Given this talent gap, it is crucial for universi-
ties to develop strategies that encourage more students to successfully complete 
degree programs in STEM degrees.
The Central Indiana STEM Talent Expansion Program is a five-year (2010–
2015), $2M project that enhances a central Indiana pipeline to increase the 
number of students from the greater Indianapolis region (central Indiana) ob-
taining STEM degrees that will be sustainable after the expiration of this grant. 
The goals of this project are to increase the numbers of students of all demo-
graphic groups who: 
1. pursue STEM academic and career pathways; 
2. participate in STEM research, industry internships, and honors 
activities; 
3. graduate with an undergraduate degree in STEM fields; and
4. transition into industry, graduate and professional programs. 
The program has set a target of increasing the number of STEM graduates 
at IUPUI by 10% per year (an increase of an additional 782 STEM graduates by 
2015).
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The InsTITuTIon and deParTMenTs
Indiana University Purdue University Indianapolis (IUPUI) is located in down-
town Indianapolis, and is the state’s only urban research university, with 22 
schools offering over 200 degree programs. IUPUI has a national reputation for 
its involvement with the City of Indianapolis and the Indianapolis public school 
systems through the IUPUI Urban Center for the Advancement of STEM Edu-
cation (UCASE), and the STEM Education Research Institute (SERI). Created 
in 1969 by the legislature of Indiana, IUPUI embodies the unorthodox partner-
ship between Indiana and Purdue Universities to serve the educational needs in 
the largest metropolitan region of the state, representing one-fifth of the state’s 
population. IUPUI has grown substantially in its 40-year history, becoming the 
third largest campus in the state, and is the only four-year public institution 
of higher education in this region. More than 60% of IUPUI’s 31,000 students 
are first-generation college attendees and 16% of its student body belongs to 
minority groups.
The School of Science and the School of Engineering and Technology are 
two of the three largest undergraduate schools by headcount at IUPUI: Both 
schools award Purdue University degrees. Together the two schools are known 
as leaders in undergraduate STEM education. Both schools have leadership 
roles in implementation of Project Lead the Way (Engineering and Biomedical 
Sciences: http://science.iupui.edu/community/projectleadway ) in school dis-
tricts state-wide, and faculty from both schools are regional facilitators of the 
Indiana STEM Resource Network: https://www.istemnetwork.org/.
The School of Science is recognized for its innovation in teaching science 
through the Just-in-Time Teaching (JiTT) and Peer-Led Team Learning (PLTL) 
projects (Marrs, 2004; Gafney, 2007). The Math Assistance Center provides a 
technology-rich environment for collaborative learning, peer-mentoring, and 
supplemental instruction for students in all levels of mathematics (Watt, 2013). 
The School’s Project SEAM (http://science.iupui.edu/community), a collabora-
tive effort involving fifteen central Indiana school districts and five postsecond-
ary institutions teamed to create a “seamless” transition between high school 
and college for all students, has a strong record of providing science and math-
ematics professional development to hundreds of local high school teachers 
since the partnership was established in 1999.
The Central Indiana STEM Talent Expansion Program (CI-STEP) in-
volves undergraduate majors in the School of Science’s six degree-granting 
STEM departments (Biology, Chemistry, Computer Science, Geology, Phys-
ics, and Mathematics), and in the School of Engineering’s and Technology’s six 
engineering degrees (Biomedical, Computer, Electrical, Energy, Mechanical, 
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and Motorsports), plus the six technology degrees (Biomedical Engineer-
ing Technology, Computer Engineering Technology, Computer Information 
Technology, Construction Engineering Management Technology, Electrical 
Engineering Technology, and Mechanical Engineering Technology). In addi-
tion, the Central Indiana STEM Talent Expansion Program is collaborating 
with Ivy Tech Community College Central Indiana, as part of the pipeline to 
increase the number of students graduating with STEM degrees. This collabo-
ration between Ivy Tech and IUPUI is building on the articulation agreements 
and programs already established, including the creation of new seamless path-
ways for students pursuing STEM programs between the two- and four-year in-
stitutions. These two campuses (IUPUI and IVYTech Central Indiana CC) have 
the largest number of African American and Hispanic students of any postsec-
ondary institutions in Indiana. Moreover, the largest number of students trans-
ferring from an Indiana community college to a four-year institution was from 
Ivy Tech Central Indiana to IUPUI.
In addition, the School of Engineering and Technology has developed artic-
ulation agreements with other four-year institutions, allowing students at these 
institutions the opportunity to transition seamlessly to the Accreditation Board 
for Engineering and Technology (ABET) accredited engineering and technol-
ogy programs at IUPUI, or earn a dual degree at both institutions. For example, 
the School of Engineering and Technology has partnered with Butler Univer-
sity, a private institution in Indianapolis, to establish the Engineering Dual De-
gree Program (EDDP). The EDDP allows students to study at Butler and also 
have access to the engineering programs at IUPUI. Completion of this program 
results in two degrees, one in Engineering from Purdue University, and another 
from Butler University in another major. This is not a 2+2 program where stu-
dents are expected to transfer after three years to IUPUI to complete their stud-
ies. Instead, the EDDP has a curriculum that integrates the engineering courses 
into the students’ plan of study, which allows students to be full-time residents 
at Butler for the duration of the program.
MeThod: use of MInI granTs
The Central Indiana STEM Talent Expansion Program (CI-STEP) started its 
work in 2010 as a comprehensive award aimed at increasing graduation in STEM 
through a number of various initiatives involving structural changes within the 
organization using a bottom up approach. According to Burke (2011), most 
organizational change, especially change that impacts large, complex organiza-
tions, is unplanned and gradual. Large scale, planned change that affects the en-
tire system is unusual; and revolutionary change in strategy, mission and culture, 
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is extremely rare. Based on the mission of the National Science Foundation 
STEP program, it was clear that planned, revolutionary change was expected of 
awardees. One of the most impactful and successful initiatives in the CI-STEP 
project has been the mini grant program developed by the CI-STEP team. This 
move toward planned, revolutionary change involved recruiting STEM faculty 
from schools across the IUPUI campus to participate in meaningful change that 
resulted in measurable progress and success for STEM students.
A request for proposals and a proposal application template was developed 
by the CI-STEP team (see Appendix 2 and 3, respectively) and was distrib-
uted to all faculty members in STEM departments in May 2011. The request 
explicitly stated that each proposal include work that was above and beyond 
the normal requirements of the position, that successful achievement of the 
objectives or outcomes would promote retention and persistence in STEM and 
that clear, concise methods of assessment and evaluation be included in all pro-
posals. Awards ranged from $5,000–$25,000. Involvement of collaborators, im-
mediate impact on a broad range of students and demonstrated innovativeness, 
effectiveness and inclusiveness were also prerequisites for successful awards. 
An essential component of a successful proposal was the letter of support from 
administration and a statement of sustainability beyond the mini grant project 
funding. Awardees were required to complete a progress report (see Appendix 
4) at the conclusion of the mini grant activity. CI-STEP attributes much of its 
impact to date on the increase of STEM graduates to the successfully funded 
mini grants and their dedication to the mission of STEP, ultimately taking a step 
toward institutional and cultural change on our campus.
CI-sTeP MInI granTs ouTCoMes
A total of 11 mini grants, involving 18 faculty members, were funded in 2011 
and 2012 and nearly $300K was awarded directly. Although these mini grants 
have had varying specific objectives, all had the main goal of increasing the 
number of STEM graduates at IUPUI. Appendix 1, provides a summary of the 
mini grants (those awarded for activities not originally included in the NSF 
proposal), the project objectives and outcomes.
The mini grant project titled “Tutoring Services in the Physics Learning 
Space (PhyLS)” had a main objective of reducing of drop, fail, and withdraw 
(DFW) rates from introductory physics courses. The PhyLS was designed to 
advance student success in introductory physics by providing tutoring/mentor-
ing services to all students taking these courses. These gateway physics courses, 
typically having the highest DFW rates on campus (averaging 25.1% in 2010) 
and serve almost 1,500 students each year. In order to reduce the DFW rates, 
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PhyLS has adopted the “assistance center” model that has proven successful in 
math, chemistry and biology.
Student perceptions of the PhyLS were extremely positive. For instance, 
during the fall term of 2013, a sample of 51 students completed an online 
evaluation survey about the PhyLS. Students responded to Likert-type survey 
questions regarding the learning space, five-point response scale, with 5 being 
completely agree and 1 being completely disagree. Mean responses to the items 
are shown in Table 1 below.
Overall, students’ responses demonstrate a very positive reaction to imple-
mentation of tutoring services in the PhyLS. The hours of operation of PhyLS 
were increased based on higher than expected usage. The success of this initia-
tive has persuaded the school to fully sustain PhyLS after the grant expires.
The mini grant titled “Transfer Student Recruitment and Support” had a set 
of goals which included: recruiting transfer students to study within engineer-
ing and technology (E&T) fields of study; retaining transfer students currently 
studying within E&T fields of study; and building community by connecting 
transfer students to faculty, staff, and current students, as well as pertinent re-
sources at IUPUI and within the Purdue School of Engineering and Technology, 
IUPUI. The main outcomes of this mini grant project were developing transfer 
student ambassadors to connect with new students and student orientations for 
E&T transfer students. Since there was no transfer student orientation program 
before the grant, and this initiative dramatically increased one-year retention by 
more than 16%, the school will be institutionalizing the use of student ambas-
sadors and a formal orientation program for transfer STEM students to IUPUI. 
The main goal of the mini grant project “Enhancing Student Comprehen-
sion and Success in Genetics through Problem Based Learning Experience 
(Recitation)” was to reduce the drop, fail, and withdrawal (DFW) rates in a 
genetics course and increase student comprehension of genetics. A peer mentor 
Table 1. Mean responses to likert-Type survey
Item Mean
Was attentive and focused during the session 4.2
Provided me with appropriate, relevant information 4.2
Supportive and encouraged me to continue working to be successful 4.0
Was able to explain the tutoring/mentoring services to my satisfaction 4.0
The mentor provided me with appropriate, relevant information 4.5
The mentor encouraged me to continue working to be successful 3.9
My overall experience with the Tutor-on Duty was positive 4.3
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was engaged to help students in the course. During the fall semester, 48 students 
(36%) attended one or more mentoring sessions, similar to the attendance in 
the spring. After implementing the peer mentor, a slight decrease in DFW was 
observed. The number of students dropping, failing, or withdrawing decreased 
from 16% to 14%. However, it is difficult to determine whether the mentor was 
the direct cause of the decrease. However, the department has agreed to con-
tinue to support the project for the near future.
“Engineering and Technology—Alliance for Retention for Multicultural 
Students (ETARMS)” mini grant project assisted students to be successful in 
engineering and technology by providing them with mentoring and resources. 
The mini grant project had positive outcomes that included increased use of 
educational resources such, as freshman engineer mentoring, math tutoring, 
and physics tutoring. Students also reported a greater understanding of class 
material and that the financial resources given to them reduced the amount of 
financial stress they had. This project will also be sustained by the school.
From “Studio to Student: e-Mentoring in Computer Graphics Technology” 
produced and disseminated fourteen videos that outlined various insights into 
how to break into the computer graphics (CG) field in Hollywood and beyond. 
This course attracted 78 students, which is unprecedented in this program with 
92% completing the course successfully. This initiative was a one-time expense 
to produce the videos for future use, so sustaining the project is not an issue 
with this mini grant.
The “CHEM-C 341 Organic Chemistry Workshop Series Peer Mentoring 
Using the Peer Led Team Learning (PLTL) Model” mini grant project aimed to 
reduce the number of students dropping, failing, and withdrawing from first se-
mester organic chemistry. As a result, the DFW rates have decreased about 10% 
after workshops were implemented with a 6–10% increase in positive student 
perception of problem-solving ability. Twenty-five percent of the peer mentors 
expressed an interest in teaching after this experience. Study findings to date 
suggested that faculty have been successful in using the PLTL approach to lower 
the failure rates in the workshops. Reduction of DFW rates for the chemistry 
course and training of additional discussion leaders (using the PLTL model) to 
decrease the number of students in each workshop are positive interventions 
for increasing the success and number of STEM graduates.
After the workshops students reported that the workshops increased their 
understanding of organic chemistry material, and that their problem solving 
skills have also increased. For example one student reported “[Participation] 
helped me better understand the problems and how to apply knowledge dur-
ing exams.” Additionally peer leaders had a positive benefit from participating 
in the workshop series. For example, one leader stated: “I am certainly more 
 SUPPorTInG STEM EDUCATIon 159
comfortable . . . communicating with people.” The PLTL model in chemistry is 
growing nationally as a best practice, and CI-STEP believes that the department 
will be in a position to sustain this program in the future. 
The mini grant titled “Peer Mentoring Using the Peer Led Team Learning 
(PLTL) Model in ENGR 19700: Introduction to Programming Concepts” used 
a peer mentor to assist other students with in-class assignments and provided 
help sessions each week. The 2013DFW rate is the lowest of the seven semesters 
shown in Table 2.
Table 3 gives final exam averages for the previous two years, as well as the 
spring 2013 semester for the sections taught by the investigator.
There were modest improvements in student performance and persistence 
in mentored sections of ENGR 19700 over previous semesters. The final exam 
scores for the year after the implementation of peer mentoring was statistically 
higher than before implementation (p < 0.05). Having a mentor available in 
class made it possible for students to receive significantly more help with their 
programs and thus improved student confidence. In the future, it would be de-
sirable to extend the mentoring model initiated this semester to all sections of 
ENGR 19700 and to investigate its impact on performance and persistence with 
the larger group.
Table 2. dfw rates for sections of engr 19700
Semester number of Students number of Sections DFW rate (Percent)
Fall 2007 31 1 29
Spring 2008 61 2 36.1
Spring 2009 65 2 40
Spring 2010 65 2 29.2
Spring 2011 69 2 27.5
Spring 2012 61 2 36.1
Spring 2013 63 2 27.0
Table 3. final exam averages for sections of engr 19700
Semester 
number of Students
Taking Final Exam number of Sections
Final Exam Average
 (Percent)
Spring 2011 60 2 75.04
Spring 2012 45 2 74.36
Spring 2013 56 2 76.19
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The “Calculus Course Redesign—Introduction of Recitations to Increase 
Student Learning” project aimed at improving the DFW rate. Calculus was an-
other course that has an unacceptably high DFW rate, indicating that a large 
number of students are not successful in meeting the course outcomes or at-
taining proficiency in quantitative skills. Calculus recitations were developed 
and implemented for the large lecture section of MATH 16500 (fall semesters) 
and 16600 (spring semesters). Recitations became a required component of the 
course. Results of implementing were positive. Despite the larger class size, sec-
tions of calculus with recitation sections have a significantly lower DFW rate, 
~20%, than other sections of the course. Students in sections of calculus with 
recitations performed10 percentage points better on the departmental final 
exam (Watt, 2013). Although the department sees the retention value that reci-
tation sections can provide, the department is only willing to incorporate reci-
tations into sections of courses with enrollments over 100 students. 
The Summer Residential STEM Bridge Program was designed for students 
who would be residents on campus. Students living in the same buildings had 
an opportunity to get to know one another before the semester began and there 
was more interaction as the semester continued. There were some issues that 
needed addressing: rapport with upper classman as RAs; promoting the pro-
gram during orientation (since new students see a variety of different advisors 
at orientation); and a decrease in outreach to participants after the semester 
started (plans to increase outreach with the next cohort are being considered). 
A spinoff of the residential STEM bridge program was an overnight orienta-
tion for the next cohort of students. The number of students participating in 
the STEM Bridge program increased by 32% and 22% over the past two years 
(65 students in 2010, 86 in 2011, and 105 in 2012). Recent data indicated that 
STEM bridge participants have higher GPAs compared to non-participants; 
students participating in Summer Residential STEM Bridge have lower DFW 
rates compared to non-participants; and minority students (especially African 
Americans) participating in Summer STEM Bridge obtained higher GPAs, 
lower DFW rates and higher fall-to-fall retention rates compared to nonpartici-
pating AA students.
A new “Post Enrollment Requirement Checking (PERC)” in math courses 
was implemented as a mini grant during the Fall 2012 semester. Many STEM 
students were dropping out of their intended major as a result of not being suc-
cessful in the first math course, and then moving onto the next math course, 
and failing it. These students believed they could pass the next math course 
without being successful in the prerequisite. Advisors found it difficult to catch 
this situation before it became too late, contributing to lowering the first year 
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retention rate. The math department worked with the Registrar’s Office to de-
velop an automatic withdrawal program that would remove enrolled students 
in math courses one week before the semester starts, if they did not have the 
proper prerequisites grade. When the Post Enrollment Check (PREC) was run 
one week before classes started, the identified students were withdrawn from 
the math course, and the student and the advisor were automatically notified 
by e-mail of the action. In the Fall 2012 semester, 47 students were identified as 
enrolling in math courses in which the prerequisite course was not passed. For 
the Spring 2013 semester, 84 students were identified and advised before the 
first day of class.
“Promoting the Math Minor to Students and Advisors” mini grant project 
involved actively promoting the math minor to students and advisors across 
campus as a way of setting a short-term goal in the pipeline to completing a BS 
degree. The department completed the paperwork and the registrar posted the 
minor on the transcript at the time of completion (usually in the sophomore 
year). This transcript documentation provided motivation to students that they 
had completed a component of their degree. Many STEM majors usually have a 
minor in their plan of study, or will earn the minor by selecting one more math 
course as an elective. The number of minors awarded each year provided an 
indicator of the number of STEM majors in the pipeline. The number of minors 
have increased each year: 32%, 14%, and 94% (44 awarded in 2008, 58 in 2009, 
66 in 2010, and 128 in 2011). This rapid growth is partly due to students becom-
ing more aware of their eligibility to obtain the minor, but it is also due to 53 
students (of the 128 awarded last year), who took an additional course above 
their requirement (a free elective) to obtain the minor.
The “School of Science Career Development Services (CDS) Center” mini 
grant project was implemented by Career Services. One of the initial goals of 
the new director was to increase the awareness of the center, its location, and 
services provided. The center was promoted through various programs and 
methods. Although only two employees staff the center, outreach to hundreds 
of undergraduate and pre-professional students, has been successful. The 
number of students utilizing career services increased from 95 students in the 
first year to 327 students in 2011–12; and one-on-one advising went from 95 
to 327. Educational programs include: resume development, class presenta-
tions, workshop series, social media networking, and etiquette lunch. Strate-
gic and intentional efforts were undertaken to acquaint faculty with CDS staff 
and services. This initiative is one of the biggest successes of CI-STEP, and the 
school is already fully funding the center and has added two more full-time 
positions.
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ConClusIons
Mini grant projects are a viable way of incorporating educational interventions 
into the colleges and universities that have immediate and sustainable impacts 
not only on student learning but outcomes as well. A definite and positive out-
come of the approaches used in this project was effective student engagement 
in their own learning and success. Students as both mentors and learners were 
actively engaged in learning, which translated into positive student learning 
outcomes. There were both intended and unintended outcomes that positively 
impacted the learning outcomes.
Since CI-STEP was an NSF-funded project, it was critical that the project 
address two issues: (1) how will the best practices implemented by the project 
be sustained after the grant, and (2) how has faculty culture toward STEM edu-
cation been changed by the project (i.e., how likely will other faculty at the insti-
tution adopt best practices in STEM teaching in the future)? CI-STEP has been 
very successful on both of these issues. First, the grant allowed faculty to lever-
age administration with a resource match. For example, one mini grant funded 
the start-up costs and student stipends for the first two years of the Physics 
Learning Space, if administration would allocate space. With the data collected 
on student use and student learning outcomes from the first two years, the ad-
ministration saw the value in institutionalizing the Physics Learning Space by 
finding ways to sustain the costs of the center with student course fees. In ad-
dition to the Physics Learning Space, six other CI-STEP initiatives will also be 
sustained by various departments after the expiration of the grant. Secondly, 
the mini grants allowed many more faculty members (18 individuals in addi-
tion to the Co-PIs of CI-STEP) at IUPUI take ownership of small pieces of the 
overall project, where the individual faculty member could experiment on their 
own STEM course to find ways to increase student success at the course level. 
By getting more faculty members involved in CI-STEP activities, the grant has 
helped change faculty culture on improving teaching. The best evidence of this 
change is when faculty get excited over the increase in the number of graduates 
from their department—and realize that small changes in teaching STEM add 
up quickly to more graduates.
CI-STEP has been hugely successful, meeting its graduation goal for STEM 
students during its first four years (10% increase per year). The increase in 
the graduation numbers have occurred from retention and persistence inter-
ventions, and not from increased recruitment of students. The vast majority 
of these interventions are now sustained by the departments and schools on 
campus. This sustainability becomes built into a department’s budget based 
on data-driven evidence that retaining more students in the STEM pipeline to 
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graduation more than pays for the intervention. Although, without increased 
recruitment of STEM students, a point of diminishing returns will eventually 
be reached as the leaks in the pipeline are addressed. Therefore, future activities 
will include STEM outreach activities and experiences for high school students 
to enter the pipeline.
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aPPendIx 1  
CI-sTeP MInI granT ProjeCTs





reduction of drop, fail, 
and withdraw (DFW) 
rates from introductory 
physics courses
•	 Courses Served: Physics 218/219; Physics P201/P202; 
Physics 152/251; Physics 100; Physics 200
•	 Course enrollment annual count: 1,600 students
•	 Students have positive satisfaction ratings to the learning 
space. however, many students noted that the area was 
too small and crowded.
•	 During the fall of 2012, 1,063 distinct students used the 
learning space. During 2012, 80% of students returned to 
the center more than once. Around half of the students 
returned to the center five or more times.
•	 In the spring of 2013, 778 distinct students visited the 
learning space.
•	 over the course of both the fall and spring semester the 
median length of a visit was one hour.
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•	 recruit transfer 
students to study 
within engineering 
and technology 
(E&T) fields of study.
•	 retain transfer 
students currently 
studying within E&T 
fields of study.
•	 Build community by 
connecting transfer 
students to faculty, 
staff, and current 
students as well as 
pertinent resources 
at IUPUI and within 
the Purdue School 
of Engineering and 
Technology, IUPUI.
•	 Two transfer student ambassadors were added to connect 
with new transfer students.
•	 overnight orientation for E&T transfer students (eight 
students attended).
•	 •	70	transfer	students	attended	one	of	the	five	full-day	
orientations geared toward E&T transfer students.
•	 Two visits to Ivy Tech Indianapolis and a visit to vincennes 
University were made to recruit E&T transfer students.
•	 Fourteen Ivy Tech students and two Ivy Tech staff visited 
the Purdue School of Engineering and Technology, IUPUI. 
Presentations were made by E&T staff, and current IUPUI 
students spoke.
•	 Three summer 2013 student transfer ambassadors were 
added to the office of Student Services Summer team 
to work with transfer orientations and connect with 
prospective transfer students.









•	 reduce drop, fail, 
and withdrawal in 
genetics course 
BIoL-k 322
•	 Increase students 
understanding of 
genetic material 
taught in BIoL-k 322
•	 Strengthen content 
knowledge to 
increase the 
likelihood of success 
in future genetics 
courses.
•	 A peer mentor has been placed in the course. The 
students can visit the PM during office hours to receive 
assistance with the course. The peer mentor attends the 
lectures so he has a fresh and current understanding of 
what is going on in the course.







•	 Assist students to 
be successful in 
engineering and 
technology. 
•	 Provide students 
with mentoring
•	 and resources to 
facilitate
•	 academic success of 
students.
•	 Students reported use of educational facilities, such as 
faculty resources, freshman engineer mentoring, math 
tutoring, and physics tutoring.
•	 Students reported a greater understanding of class 
material and that the financial resources given to them 
reduced the amount of financial stress they had.
•	 Students reported being able to accomplish many of the 
goals they had set at the beginning of the semester. For 
example one student reported “I was able to pay better 
attention in class.”
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CI-sTeP Mini grant objective outcomes







14 videos that outline 
various nsights into 
how to break into the 
computer graphics (CG) 
field in hollywood and 
beyond.
•	 This course attracted 78 students which is unprecedented 
in this program (and 72 of them completed the course 
successfully).
•	 Developed a modern, adaptable model of STEM 
education delivery that was a leader in its approach 
within the Purdue School of Engineering and Technology.
•	 Attracted, will hopefully retain (over time), and hopefully 
recruited new and existing technology students to the 
CGT program at IUPUI.
•	 Attracted a highly talented industry professional, and his 
colleagues, to the CGT program at IUPUI.
•	 harnessed technological lessons and a pedagogical 
model that will benefit CGT in the smooth adaptation of 




•	 reduction in the 
number of students 
dropping, failing, 
and withdrawing 
from first semester 
organic chemistry.
•	 Better student 
performance on 
the ACS organic 
chemistry final exam.
•	 Increase students’ 
satisfaction with the 
organic chemistry 
course.
•	 Thirty undergraduate peer leaders were trained to 
help undergraduate students with organic chemistry 
problem-solving skills. The leaders were trained weekly in 
classroom management, and organic chemistry material. 
over 300 workshop sessions were held. The workshop 
questions and quiz questions were uploaded to a 
database for future students to use.
•	 results indicated a significant reduction in the DFW rate, 
and a significant increase in students’ performance on the 
ACS final chemistry exam.
•	 Students reported that the workshops increased their 
understanding of organic chemistry material, and that 
their problem-solving skills have also increased. For 
example, one student reported, “[Participation] helped 
me better understand the problems and how to apply 
knowledge during exams.”
•	 Additionally peer leaders had a positive benefit from 
participating in the workshop series. For example, one 
leader stated: “I am certainly more comfortable . . . 
communicating with people.”
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CI-sTeP Mini grant objective outcomes
Peer Mentoring
using the Peer Led
Team Learning
(PLTL) Model
•	 reduction in the 




•	 Better student 
performance on the 
ACS chemistry final 
exam.
•	 Increase students’ 
satisfaction with the 
chemistry course.
•	 results indicated a significant reduction in the DFW rate, 
and a significant increase in students’ performance on the 
ACS final chemistry exam.
•	 Students reported that their problem-solving skills have 
also increased. 
aPPendIx 2 
requesT for ProPosals TeMPlaTe
Announcement of Awards for  
Central Indiana STEM Talent Expansion Program
The Central Indiana STEM Talent Expansion Program (CI-STEP) at Indiana 
University-Purdue seeks faculty proposals for projects that promote gradua-
tion in STEM fields. The program has set a target of increasing the number of 
STEM graduates at IUPUI by 10% per year (an increase of an additional 782 
STEM graduates by 2015). Proposals are due by October 15, 2011 to the Prin-
cipal Investigator of the CI-STEP grant, Dr. Jeff Watt. His email is: jwatt@math.
iupui.edu. Projects may begin upon award and are to be completed by May 15, 
2013. The awards for The Central Indiana STEM Talent Expansion Program 
are supported by the National Science Foundation.
Purpose
The purpose of the Central Indiana STEM Talent Expansion Program (CI-
STEP) is to increase retention, persistence, and graduation in STEM disciplines 
through projects that employ and assess the impact of several program-wide in-
tervention strategies on student success, leading to higher numbers of students 
graduating with STEM degrees. These intervention strategies include: Summer 
STEM Bridge Academies, peer-mentoring and academic advising support for 
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transfer students, Peer-Led Teaching and Learning, and Just-in-Time Teaching, 
honor seminars, and career development services and internships. IUPUI, with 
its nationally recognized commitment to improving educational success for all 
students, has numerous support services already in place to assist with this ini-
tiative, making it possible for us to integrate research and education on effective 
strategies for student learning in STEM disciplines.
CI-STEP proposals are expected to help increase the numbers of students of 
all demographic groups who:
•	 pursue STEM academic and career pathways;
•	 participate in STEM research, industry internships, and honors 
activities;
•	 graduate with an undergraduate degree in STEM fields; and
•	 transition into industry, graduate and professional programs.
Proposals are welcome from all STEM disciplines. Proposals are encour-
aged from individuals or from faculty teams representing programs, depart-
ments; they may also involve collaborative projects with faculty members from 
IVY Tech and Butler University. Projects should propose significant interven-
tions to promote retention, persistence and graduation in STEM disciplines. 
Proposals must include the following three characteristics:
1. The proposal must involve work that is above and beyond the normal 
requirements of the individual’s position(s); and
2. Successful achievement of the objectives or outcomes will promote re-
tention and persistence in STEM; and
3. The proposal must clearly identify the methods to be used for assess-
ing outcomes.
Proposals that have one or more of the following characteristics are espe-
cially encouraged and will receive priority consideration:
•	 Seeking awards ranging between $5,000–$25,000
•	 Involve collaborators 
•	 Have immediate impact on a broad range of students 
•	 Demonstrate innovativeness, effectiveness and inclusiveness
Proposals that have the following characteristics are discouraged and will 
receive lower priority: 
•	 Seeking funding for capital goods
•	 Research
•	 Conferences
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eligibility
All full- and part-time faculty members at IUPUI, Ivy Tech and Butler are eli-
gible. Individual faculty members pursuing teaching innovation projects are 
encouraged to include at least one other faculty or staff member in some capac-
ity; for example, as an outside peer reviewer for the project, a consultant on 
instructional design, or an administrative partner to overcome barriers.
funding 
Awards will be limited to $25,000 (may range from $5,000 to $25,000).
application/Implementation Timeline
Proposals might be implemented over one or two semesters, and may or may 
not include work to be done in summer. 
Proposal submission and review Process
step 1. your college dean reviews and approves the proposal. 
Your SUPERVISING ADMINISTRATOR, i.e., Head of Department, must re-
view your proposal and APPROVE IT OR SUBMIT A LETTER OF SUPPORT: 
A letter of support might show how the proposal fits college plans and priorities, 
as well as how it will be supported by the administrator. If the proposal is depen-
dent on resources in addition to the award, the letter of support should explic-
itly indicate the dean’s commitment to providing any proposed or assumed college 
resources. For part-time, temporary or fixed-term faculty members, the letter of 
support must give some assurance that the faculty member will be able to complete 
the proposed project within the stated timeframe.
step 2. The CI-sTeP award Committee reviews and approves the proposal. 
The CI-STEP Project Award Review Committee will review and approve the 
proposal after the supervising administrator’s written approval is obtained. The 
committee may accept, reject, or make suggestions on how to improve the pro-
posal to make it acceptable. Rejected proposals and proposals with improve-
ment suggestions shall be returned to the proposer(s). 
The committee will use the guidelines below under “Review Criteria” in 
evaluating proposals. The first three criteria are required of all awards for 
CI-Step proposals. 
step 3. If approved, you begin the proposed work or project after receipt of 
notice from the Project PI or designee. 
You will receive a letter of notification from the Project PI that your project 
(as proposed, or as modified, if the committee requested modifications) is 
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approved. The letter will identify the monetary award to be paid upon success-
ful completion.
review Criteria
1. Work is above and beyond the normal requirements of the individual’s 
position(s): It is recognized that a faculty member’s normal responsi-
bilities include classroom teaching, student advising, course evaluation, 
classroom preparation, the evaluation of student performance, commit-
tee assignments, classroom research, professional development, service 
to the college, and community service. The award for CI-STEP is to given 
for work:
•	 performed at a time outside the normal work hours or duty days, or 
•	 involving an activity not normally required, or 
•	 encompassing a scope of activities not normally required.
2. Promotion of Retention, Persistence and Graduation: Goals and objec-
tives prioritize student learning and successful achievement of students’ 
personal and career goals in STEM disciplines. There is a clear relation-
ship between the performance objectives or project goals, the plan of 
work and methods, and the intended student learning outcomes.
3. Evaluation and Assessment Methods: An appropriate selection of assess-
ment strategies and tools are used throughout the proposed performance 
period/project. The evaluation plan is clearly connected to program or 
course learning goals and outcomes. 
aPPendIx 3 
ProjeCT ProPosal aPPlICaTIon
Potential applicants are encouraged to discuss their ideas with CI-STEP project 
administrators before applying. Please allow enough time (at least one to two 
weeks) before the deadline for your application to be reviewed and approved by 
the CI-STEP Project review committee. All applications must follow the format 
below.




3. Budget summary and budget narrative
4. Letter of support from administrator
5. Certification page
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Submit your proposal via e-mail to: CI-STEP Awards Review Committee, 
c/o jwatt@math.iupui.edu 
Cover Sheet





Proposal section Proposal should address: 
suggested 
length
Amount requested how much funding is being sought?
Project Description What issue or problem is being addressed?
What are your goals and methods? 
What activities will address your goals?
how is the project innovative for your own development, 
your program or the college?




Why is the project important? how do you know it is 
important, what is your evidence (i.e., how has the issue 
or problem been documented)? 
What are the conditions or contexts in which the project 
will be taking place?
What is the need, both locally and in a system or national 
context?
how is the project linked to college and/or CI-STEP 
priorities and initiatives?
how will this project increase the number of students who 
pursue STEM academic and career pathways?
how will this project increase the numbers of students 
who participate in STEM research, industry internships 
and/or honors activities?
how will this project increase the number of students who 
graduate with an undergraduate degree in STEM fields?
how will this project increase the number of students who 
transition to industry, graduate and professional STEM 
programs?
how will the innovation or change be sustained after the 
project funding has ended?
1 page
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What kinds of hurdles or limitations do you expect to 
encounter? 




When are activities planned?
how can you assure the project will be completed within 
the proposed timeframe?
1 page
outcomes What specific outcomes* do you want to achieve? 
how will your planned activities achieve these outcomes?
how will your plan promote retention, persistence and 
graduation in STEM?
*Each outcome must be matched to an assessment in 
your evaluation plan.
1 page
Evaluation Plan how will success be measured?
how will you know that you have achieved your 
outcomes?
What kind of evidence will you gather?
What kinds of assessments will you use?
Is there an assessment matched to each outcome?
What is the impact on campus or the surrounding 
community?
½ - 1 page
Dissemination With whom will you share this information?
how will the project be shared with others? Consider 
campus professional development days, conference 
presentations, articles, electronic portfolio.
how will [list members of campus, discipline/program, 
or system community] be included or informed of the 
dissemination?
1 paragraph
Budget how much money will the entire project require?
What resources, equipment, or other funding are you 
requesting from other sources?
how did you arrive at this budget?
Does the budget include up to 12% for administrative 
overhead (if required by your college or university)?
½-1 page
Total 5–8 pages
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budget narrative and budget summary
Please use the table below to organize your proposal’s budget information, or 
create your own grid using the budget categories below. Write a brief descrip-
tion of each budget item, then attach a brief (less than one-page) budget nar-
rative describing and justifying each item in detail. See Budget Preparation 

















* you must identify the source of any matching funds. 
Certification Signatures
Based on the criteria for eligibility in the CI-STEP Award Guidelines, I am eli-
gible to apply. I understand and agree that a written final report, including how 
the objectives and/or goals have been achieved, is due as stated in the Guide-
lines. I will provide a copy of my report to the CI-STEP Project Review Com-
mittee, and the Head of the Department. I understand that unless there exists a 
law characterizing some portion of the information submitted as private, pro-
posals will be treated as public information on submission in accordance with 
the Data Practices Act.
Applicant Signature  ________________________________ Date ________
Approving  
Administrator Signature _____________________________ Date ________
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budget Preparation guidelines
budget Category guidelines & Policies
Project Manager(s) funding requested: 
other Faculty Stipends Stipends up to a maximum of $500 for any one incident may 
be requested for faculty partners on this proposal. Substantial 
collaboration between faculty members should be addressed by 
separate proposals for each individual. The separate proposals 
should clearly identify the collaborating partners. 
Travel Costs directly related to the project or associated with collaborating 
with other employees (meals, lodging, and mileage) will be 
considered. requests for travel to attend conferences or training 
institutes are rarely funded. Professional development funds may be 
used as match. IDEnTIFy SoUrCES oF ALL FUnDS.
Student Stipends Estimate number of student hours that will be paid (at campus 
rates) for assistance directly related to the project. Students may also 
receive nominal stipends for non-classroom activities related to the 
grant project. IDEnTIFy SoUrCES oF ALL FUnDS. 
Equipment Equipment, hardware and software that is directly relevant to the 
proposed project will be considered. requests whose budgets 
are primarily for equipment will ordinarily not be funded without 
extraordinary justification. Equipment is generally worth $5,000 or 
more and has a usable life of at least two years. IDEnTIFy SoUrCES 
oF ALL FUnDS.
Materials/Supplies Special project supplies, which may include printing, copying, 
postage, long distance telephone. IDEnTIFy SoUrCES oF ALL 
FUnDS.
other other costs directly related to your project. IDEnTIFy SoUrCES oF 
ALL FUnDS.
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aPPendIx 4 
CI-sTeP MInI granT Progress rePorT
Today’s date:  
This progress report has been developed to organize and aid each mini grant 
in their mission to improve STEM graduation at IUPUI and IvyTech. The in-
formation provided in this document will be used for internal purposes as they 
relate to the CI-STEP grant’s progress in the last fiscal year and may appear in 
summary form in the 2011–2012 annual report to the NSF. Please take as much 
space as necessary to answer each question as fully as possible. 
Title of mini grant:  
Name of all investigators listed on your mini grant:
Start date of mini grant: 




Please describe in detail, the progress that has been made to date:
Please list any preliminary results/conclusions/outcomes to date:
Please detail future plans regarding the mini grant:
Please provide any supplemental materials that have been generated as they re-
late to the mini grant’s efforts (i.e. pictures, handouts, fliers, website etc.). These 
can be attached to this document and listed here for accounting purposes.
The CI-STEP grant personnel thank you for your service to our mission and 
for your time and effort in accomplishing it. Please do not hesitate to contact us 
with any questions or concerns.
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Applying the CACAO Change Model to Promote 
Systemic Transformation in STEM
Anthony Marker, Patricia Pyke, Sarah Ritter, Karen Viskupic, 
Amy Moll, R. Eric Landrum, Tony Roark, and Susan Shadle
ConTexT
Since its inception in the Middle Ages, the university classroom can be char-
acterized by students gathered around a sage who imparts his or her knowl-
edge. However, the effective classroom of today looks vastly different: First-year 
engineering students not only learn basic engineering principles, but are also 
guided to consider their own inner values and motivations as they design and 
build adaptive devices for people with disabilities; students in a large chemistry 
lecture work animatedly together in small groups on inquiry-based activities 
while an instructor and teaching assistants circulate and guide their learning; 
students learning differential equations practice explicit metacognitive skills 
while problem-solving in class. Even though educational research, especially 
research that is targeted at STEM disciplines, demonstrates what most effec-
tively engages students and supports their learning, many of today’s classrooms 
look much like they did a century ago, with a professor delivering a primarily 
one-way lecture and students passively sitting in seats bolted to the floor. At this 
juncture in history, colleges and universities face a public call to engage a more 
diverse representation of students in effective learning, persistence, and degree 
attainment, and to do so economically and efficiently. It is essential that institu-
tions draw upon methods demonstrated to effectively increase student learning 
and success. Educational researchers have thoroughly explored the “basic” sci-
ence in this area, and a body of literature documents effective evidence-based 
instructional practices, hereafter referred to as EBIPs.
Although EBIPs are well documented, we know far less about how to shift 
faculty practice and institutional culture to catalyze widespread adoption of 
these practices. “Applied research” is the current frontier, as propagating EBIPs 
has proven remarkably challenging, whether across institutions, across campus, 
or even down the hall in the same department. The National Science Founda-
tion (NSF), a driving force and primary sponsor of STEM education research, 
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has called for wider propagation of EBIPs. NSF’s solicitation for the Widen-
ing Implementation and Demonstration of Evidence-Based Reforms (WIDER) 
program notes that “Despite the myriad advances in STEM teaching and learn-
ing know-how, it is the sense of policy makers and practitioners (and evident in 
accounts published in articles in academic journals) that highly effective teach-
ing and learning practices are still not in widespread use in most institutions of 
higher education” (NSF, 2013, para. 67). 
For this reason, identifying and assessing effective change strategies has 
moved to the forefront in STEM education, as evidenced by increasing scholar-
ship activity in this area. Higher education researchers are exploring networks 
and other organization-level dynamics, such as “mutual adaptation and so-
cial movements [that] create ownership, sustainability, depth of adoption and 
spread” (Kezar, 2011, 241). Discipline-based education research has been a 
focus (National Research Council, 2012), and disciplinary societies are invest-
ing in propagating EBIPs. For example, since 2002 the American Physical So-
ciety and The American Astronomical Society have joined with the American 
Association of Physics Teachers to support, with NSF assistance, training on ef-
fective teaching for new physics faculty (AAPT, 2014). Similarly, the American 
Chemical Society and Research Corporation for Science Achievement provide 
Cottrell Scholars Collaborative (CSC) workshops for new faculty to “promote 
transformative change through the exploration of new pedagogies and the dis-
semination of proven methods.  .  .  .” (CSC, 2014, para. 1). In geosciences, the 
On the Cutting Edge professional development program managed by the Na-
tional Association of Geoscience Teachers (NAGT) has provided training and 
resources for early-career and experienced instructors through virtual and in-
person workshops since 2002 (NAGT, 2015). In a special issue on transforming 
STEM education, guest editors for the Journal of Engineering Education noted 
that the prevailing focus of STEM educators has been on course- or curricula-
level changes, and suggested new discussion “has laid some foundation for oth-
ers to take the next steps and fully launch into systemic inquiries, studies and 
analyses of the complexities of educational transformation” (McKenna, Froyd, 
& Litzinger, 2014, 189). 
CaCao Change faCIlITaTIon Model
At Boise State University, we are engaged in a project that seeks a complex, 
systemic solution to widespread adoption of EBIPs. This ambitious three-year 
project aims to identify and reduce institutional barriers to EBIP adoption 
across more than a dozen departments. The project was initiated in response 
to the NSF WIDER invitation to propose and test models to effectively support 
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broader propagation of EPIBs and to achieve an ultimate outcome of increasing 
student success. Our project, WIDER PERSIST—Promoting Education Reform 
through Strategic Investment in Systemic Transformation, asks: Can we apply 
a change facilitation model from the business world to implement EBIPs more 
widely throughout a higher education institution? The facilitation model we 
chose recognizes instructional practice as only one element of the instructional 
climate. Other elements include institutional policies on workload and tenure 
and promotion, department traditions, social networks, institutional structures 
such as centers for teaching and learning, and faculty associations, institutional 
leadership, facilities, resources and other variables. Another key element of this 
model is that it is consistent with and allows us to leverage pedagogical trans-
formations already underway. 
The model, Dormant’s Change, Adopters, Change Agent, Organization 
(CACAO) model (Dormant, 2011), is a synthesis of Rogers’ work (2003) on the 
diffusion of innovations (passive) and the work of Kotter (1990) on the pur-
poseful implementation of designed changes (active). Dormant’s model does 
the important work of helping us integrate and apply these concepts. She com-
bines the approaches suggested in Rogers’ work, which tends to look at change 
from the bottom or middle and up, and Kotter’s work, which looks at change 
from the top down, into a single model. The model enables people using it to 
develop customized and purposeful change plans that take into consideration 
the:
•	 Benefits and drawbacks of the change itself
•	 Audience (adopter) characteristics
•	 Stages people go through in accepting or rejecting a change, and ap-
propriate strategies for each stage to smooth adoption
•	 Leadership support and social networks that allow the group to find 
the right change champions
•	 The change agent’s relationship to the change
•	 The creation of a well-rounded change team that is both proactive and 
responsive
The CACAO model provides a series of steps and strategies to guide a team 
toward achieving a particular change. We describe how we have applied several 
specific aspects of the model and our year one results. The four dimensions 
around which the model is organized are Change, Adopters, Change Agents, 
and Organization: 
Change: First, the model dictates the value of collecting information 
about how adopters view the change. Dormant specifies the need to examine 
five characteristics. This examination, when complete, provides a profile that 
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illustrates how likely adopter groups are to resist the change, and the areas in 
which resistance is likely to occur. As a result, the change profile provides a way 
of anticipating and mitigating resistance by developing strategies that make the 
most of the change’s strengths and counteract the change’s weaknesses. Those 
characteristics are:
Relative Advantage: the extent to which the change offers adopters advan-
tages over the old way of doing things 
Simplicity: the extent to which adopters can understand the change
Compatibility: the extent to which the change is consistent with adopter 
past practices
Adaptability: the extent to which adopters can adapt the change to fit local 
conditions
Social Impact: the extent to which the change will have little or no impact 
on existing social relations of the adopters.
Adopters: Second, the model looks at the stages of adoption that intended 
adopters typically go through when considering whether or not to implement 
a change. It specifies the importance of matching strategies to stages, and then 
provides specific strategies to most efficiently address each adoption stage (Table 
1). The model further suggests that different adopter sub-groups, in this case 
different academic departments and groups within departments, are likely to 
be in different stages of adoption, mandating tailored strategies for each group.
Table 1. strategies to support adopters
for adopters entering this age strategies to support adopters in this stage
Awareness Advertise (brief )
Curiosity Inform (detailed)
Mental Tryout Use demonstrations
hands-on Tryout Provide training
Adoption Provide support
Change Agents: Third, the model offers prescriptions for putting together 
an effective leadership team that includes members with expertise as organiza-
tional sponsors, content experts, change experts, grant experts, data collection 
and analysis experts, communication experts, training experts, and others as 
various needs arise.
Organization: Fourth, the model helps elucidate how to identify and manage 
layers of organizational hierarchy and then leverage networks of people for dif-
ferent roles during change implementation. The model identifies as particularly 
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valuable people who can fulfill the roles of leadership sponsors, early acceptable 
innovators, opinion leaders, and traditionalists as groups that can potentially 
provide separate perspectives and valuable contributions. Identifying people 
who fit these roles and then using their contributions when and where they can 
most benefit the project is a crucial aspect of the change model.
Change analysIs:  
defInIng and undersTandIng The Change
In the first year of our project, we have worked to define the change we seek and 
have worked with adopters to lay the groundwork for successful institution-
wide change in the subsequent years of the project. One of the first tasks of the 
leadership team on our project was to define and communicate the intended 
change by developing a vision statement. This was important for two reasons: 
First, it provided a target against which to judge progress; and second, it served 
to guide task and strategy prioritization. The goal, in the case of the WIDER 
PERSIST project, was to increase the rate of implementation of EBIPs among 
university STEM faculty by directly supporting faculty and changing the cul-
ture surrounding teaching practices. By focusing on changes in the instruc-
tional culture, the project is able to encourage systemic changes, rather than 
strategies that simply change individual faculty behavior. Although cultural 
change requires a slower adoption process, it ultimately encourages sustainable 
practices in the long-term. Our WIDER PERSIST leadership team expressed 
the vision as an “end state,” a new norm toward which the campus could col-
lectively progress. The vision is that:
The culture of teaching and learning at Boise State University will 
be characterized by
•	 on-going exploration and adoption of evidence-based 
instructional practices,
•	 faculty engaged in continuous improvement of teaching 
and learning,
•	 dialogue around teaching supported through a community 
of practice, and
•	 teaching evidenced and informed by meaningful assessment.
 We believe the fulfillment of this vision will enhance our learning-
centered culture and result in increased student achievement of learn-
ing outcomes, retention, and degree attainment; especially among 
underrepresented populations.
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In order to both introduce the proposed change to faculty and to collect 
information from them about their view of the goals, we undertook extensive 
data collection early in the first year of the project. Doing so has informed 
the development of departmental change profiles; these profiles assisted us in 
evaluating progress and prioritizing decisions. As described earlier, when we 
introduced the CACAO model’s four dimensions of change, change profiles 
provide information about perceived strengths and weaknesses of the change 
that might lead adopters to resist or embrace adoption. To this end, we held 17 
one-hour focus groups with the staff and faculty of academic STEM depart-
ments, as well as with groups of department chairs and deans, ultimately in-
volving a total of 194 participants. During the focus groups, participants were 
introduced to the vision and completed a questionnaire in which they identi-
fied and listed factors that either supported or opposed the change for each 
of five characteristics of change adoption (Table 2). Participants were given 
5–7 min per characteristic to independently record their thoughts, which were 
then discussed as a group.
TAbLe 2. Change Protocol: faculty discussion group of the strengths and weaknesses 
of the end etate (vision)
factor discussion Prompt
relative Advantage 1a.   Ways in which this end state is advantageous to me/my 
department
1b.  Ways in which this end state is disadvantageous to me/my 
department
Simplicity 2a.  Features of our current environment & practice that make this end 
state easy/simple to attain and/or maintain
2b.  Features of our current environment & practice that make this end 
state hard/complex to attain and/or maintain
Compatibility 3a.  Ways in which the end state is compatible with what I already do
3b.  Ways in which the end state is incompatible with what I already do
Adaptability 4a.  In what ways might the end state allow for flexibility and 
individual choice (while still achieving the vision)?
4b.  In what ways might the end state limit flexibility and individual 
choice in order to achieve the vision?
Social Impact 5a.  how will the new end state positively impact my relationships 
(with colleagues, with students, with administrators, etc.)?
5b.  how will the new end state negatively impact my relationships 
(with colleagues, with students, with administrators, etc.)?
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We collected data from the faculty focus groups, which resulted in the com-
pilation of a qualitative dataset with 1,755 drivers (positive factors) and 1,605 
restrainers (negative factors) for change. The faculty results provided us with a 
universal set of characteristics as well as data to develop profiles and priorities 
for individual departments. 
After our team collected the data, four researchers independently coded 
the barrier data according to an organizational change analysis model intended 
to identify the root causes of performance gaps between current practices and 
our envisioned goal, Gilbert’s (1978) Behavior Engineering Model (BEM). The 
BEM (Table 3) is a 2 x 3 matrix which divides the causes for performance gaps 
into two main sources (rows), those originating in the environment, and those 
originating with the user. 
For each of those sources, the model provides three types of causal areas 
(columns): information, instrumentation (tools), and motivation. Causes ap-
pearing in the environment are more directly under control of university lead-
ership and can be easier to address compared to those that reside in individual 
adopters. Our team further categorized the causes that surfaced during our 
analysis as 18 commonly perceived themes (Figure 1). The majority of these 
themes have to do with issues of time, alignment to current assessment and 
metrics, classroom autonomy, resources, research-teaching balance, and insti-
tutional reward. These barriers align well with those that other research studies 
have previously identified and documented (Brownwell & Tanner, 2012; Hen-
derson & Dancy, 2007; Walczyk, Ramsey, & Zha, 2007). Importantly, having the 
local data for our institutional context has provided the WIDER leadership with 
information we have used to begin devising appropriate support strategies for 
adopters by removing obstacles. These themes also provide fodder for discus-
sion within departments about the barriers that impact local EBIP adoption. 
TAbLe 3. behavior engineering Model
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 ✓ Work habits
 ✓ Drive
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Fortunately, in addition to change obstacles, there are very often positive 
drivers that encourage change. Our team is currently in the preliminary stages 
of analyzing these drivers. As there seems to be less research on drivers in the 
literature that there is on barriers, this analysis has the potential to contribute 
methods for accelerating change by supporting such drivers. At this early stage 
of analysis, the commonly recurring themes are:
•	 Increased opportunities for research
•	 Recognition of resources in place, e.g., Center for Teaching and 
Learning
•	 Enthusiasm about sharing ideas within and across departments and 
establishing or continuing development of communities of practice 
(Murray, Higgins, Minderhout & Loertscher, 2011)
•	 Improved student outcomes—learning, retention, graduation
•	 Potential for better prepared students in the classroom (engaged, par-
ticipatory, and background knowledge) and workplace
•	 Professional recognition—becoming model departments at the uni-
versity and national level
Additionally, there are a few themes that occur as both drivers and barriers. 
For example, potential adopters see “research” as a barrier since implementing 
fIgure 1: barriers to change. bars represent total number of faculty comments 
categorized in that theme.
184 CASE STUDIES—ProjECTS AT ThE InSTITUTIon LEvEL
the change will pull them away from discipline-specific research. However, at 
the same time, they demonstrate enthusiasm about the potential for new EBIP-
driven research and grant opportunities. “Resources” is another theme that oc-
curs in both the driver and barrier data. In the barrier data, adopters perceive a 
lack of resources ranging from monetary to lab equipment. In the driver data, 
adopters mention currently available resources such as the Center for Teaching 
and Learning. These perceptions of resources demonstrate both institutional 
and personal needs for support. Another example of a theme occurring in both 
the driver and barrier data is “communities of practice.” In the barrier data, 
adopters’ perceptions of communities of practice are either that the institu-
tional culture does not support communities of practice, or that adopters are 
not interested in participating in communities of practice. In the driver data, 
adopters showed enthusiasm for participation in communities of practice as 
well as suggesting that the WIDER PERSIST project demonstrated an institu-
tional interest in creating communities of practice around EBIPs. 
As a next step, we have also designed an instrument based on the CACAO 
framework to explore department-level distributions of faculty across the adop-
tion process. A discussion of this adopter analysis is beyond the scope of this 
paper and will be reported in future publications. Together, these analyses posi-
tion the project team to respond to results by addressing barriers and support-
ing drivers. See Figure 2.
Figure 2. addressing barriers and supporting drivers
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resPondIng To resulTs 
In an ideal scenario, one might prefer to have collected and thoroughly analyzed 
results before using them as the basis for action. However, within the CACAO 
model, data collection is actually part of making change happen. Focus group 
participants (who are prospective adopters) have demonstrated interest in the 
next steps. Therefore, it made sense for our team to respond to results as they 
came in and to refine the analysis as we progressed. We have been and will con-
tinue to respond to results in several ways. 
In response to early results, we designed the Current Instructional Cli-
mate (CIC) survey. We used this instrument to collect information about fac-
ulty perceptions regarding the support for various aspects of teaching (valuing 
and promoting teaching, institutional conditions, unfettered teaching culture, 
and teaching-research balance) and in the future it will allow us to measure 
change in faculty attitudes. We constructed all of the items in the survey based 
on responses (both positive and negative) that emerged from collecting data in 
change conversations. For example, respondents in our change conversations 
indicated that the lack of appreciation for teaching in hiring decisions is a bar-
rier to achieving the widespread adoption of EBIPs. In response, we crafted the 
following item for the CIC, answered using a seven-point semantic differen-
tial format: “I believe that the campus culture does not value teaching ability 
in hiring decisions” to “I believe that the campus culture does value teaching 
ability in hiring decisions.” The instrument is designed to be directly sensitive 
to the particular barriers and drivers cited by faculty in the change conversa-
tions because CIC items were derived directly from faculty member comments. 
Further, we’ve administered our CIC instrument along with Western Michigan 
University’s Postsecondary Instructional Practices Survey (Beach, Henderson, 
Walter & Williams, n.d.), which provides complementary information about 
how faculty perceive their current teaching practices. 
Another way we’ve used the results is to look carefully at barriers and driv-
ers to achieving our sought-after change. Doing so has allowed our project team 
to identify strategies that we think will help address particular barriers or lever-
age specific drivers. Several examples of this approach are summarized below 
(Table 4).
186 CASE STUDIES—ProjECTS AT ThE InSTITUTIon LEvEL
long-TerM vIsIon and nexT sTePs
As expressed in the vision statement, the ultimate reason for seeking change in 
instructional climate is to increase student achievement of learning outcomes, 
retention and degree attainment. To that end, a main focus of the WIDER PER-
SIST leadership team effort and energy in the first year has been on working 
with faculty teams to implement EBIPs broadly across departments, working 
with university leaders to remove barriers and provide support, and putting 
in place systems for measuring progress. Future work and subsequent publica-
tions will describe our data collection and analysis in more detail and address 
the ways in which our data has been used to drive change. Involving institutions 
beyond Boise State University is also a major goal of the project, and the team 
welcomes contact from other institutions interested in applying the CACAO 
model on their campuses.
Table 4. responding to barriers and drivers
barriers drivers Planned strategy
Time Provide teaching reductions for course 




offer workshops tailored to EBIPs in 
particular disciplines; provide discipline-
specific references and resources
resources of classroom 
or materials
Influence university classroom planning/
renovation process
Lack of incentive and 
recognition
Provide “toolkit” to tenure and promotion 
committees
Interest in communities 
of practice
Support specific opportunities for inter and 
intradepartmental conversations around 
teaching
Support for the 
outcome of increased 
student success
Create a “data team” to work with institutional 
research in order to help departments better 
understand how their students are doing 
within courses and in follow-on courses; 
support faculty assessment efforts
recognition Create “faculty spotlight” videos to highlight 
faculty who are effectively implementing 
EBIPs
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Review of the Undergraduate Science Curriculum 
at the University of Queensland
Michael E. McManus and Kelly E. Matthews
The University of Queensland (UQ) is a large public university located in Bris-
bane, Australia, that has a student body of 48,804: 36,219 undergraduates, 
8,224 postgraduate coursework, and 4,361 research higher-degree students. It 
graduates nearly 7,000 undergraduate, 3,300 postgraduate coursework, and 700 
research higher-degree students per year and has a research budget of ~$380 
million per annum. In the last two decades, UQ has undergone dramatic change 
that has seen it go from a rather provincial institution into a research-intensive 
university with a truly international focus. This level of performance is borne 
out by UQ being consistently ranked in the top 100 of all three major global 
university rankings (http://www.uq.edu.au/about/docs/strategicplan/Strategic-
Plan2014). This inflection point in our 100-year history is due to the recogni-
tion of four important drivers of a modern research university: (1) to educate 
students to understand the rapid advances in science and technology, as well as 
the social and historical perspectives required to give them the creativity and 
wisdom to apply their knowledge wisely; (2) to provide students with a rich 
understanding of the cultures, histories, languages and religions of the world 
so they are capable of appreciating the values and practices of a global society; 
(3) the crucial role higher education plays in the development of new knowl-
edge; and (4) the significant role UQ can play in the growth and economic de-
velopment of the State of Queensland, the nation and region as a whole. This 
brief summary captures how curriculum renewal of the science degree (BSc) 
meshes with the ambitious agenda of a renaissance university.
The key drivers were also informed by the rapid pace of globalization and 
the need to engage with the international community to sustain a leading posi-
tion in the four areas listed above. Such a focus has seen international students 
from 142 different countries become ~25% of our student body, which comple-
ments the rich tapestry of >200 nationalities in modern Australia, as well as 
the rich heritage of our Indigenous peoples, which encompasses >250 differ-
ent language groups with ~50,000 years of continuous habitation of Australia. 
Our international engagement further emphasizes the importance we place 
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on diversity in creating a knowledge-centered learning community. In concert 
with these drivers, there were a range of other pressures influencing what we 
teach and how we deliver our educational programs. Like most institutions, 
we were actively asking ourselves whether we were truly improving student 
learning and were we transitioning fast enough from an instruction-driven to a 
learning-based paradigm. It was apparent that the didactic lecture still survived 
as the predominant mode of education, with summative examinations remain-
ing as the key assessment tool. The challenge for us was to move to a learning 
paradigm that is: (1) learning outcome driven, (2) more mobile, (3) more per-
sonalized to match student and employer goals, and (4) universally accessible 
on a global stage. Another pressure was the acceleration toward universal access 
to tertiary education, which was changing the abilities and expectations of the 
student body. Unfortunately, this was happening at a time of reduced govern-
ment support for higher education, resulting in students having to pay a greater 
proportion of the overall cost of their education. 
The rapid transformation of UQ was powered by the planning and ultimate 
development of eight research institutes and a substantive reorganization of our 
academic structure from 16 faculties to seven. It was catalyzed by the synergis-
tic interaction between our former president, John Hay, Atlantic Philanthropies 
Irish-American founder Chuck Feeney, and the former premier of the State of 
Queensland, Peter Beattie. In all of the upheaval and change, we were acutely 
aware of the fact that the most significant contribution a university can make 
to the nation and its global community is through the quality of its graduates. 
This backdrop of change sent a powerful message to the University’s Academic 
Board and Executive Deans of Faculties that the review of academic programs 
needed to be strengthened and made bolder than previously was the case. In 
this context, and as part of its quality assurance approach to learning, UQ insti-
tuted a process to review all its major degree programs every seven years. 
We held an international conference from November 18–19, 2004 on our 
St. Lucia campus entitled “Science Teaching & Research: Which Way Forward 
for Australian Universities?” (http://espace.library.uq.edu.au/view/UQ:152849). 
The purpose of this conference was to start to prepare the faculty and the Uni-
versity as a whole for the impending review of the BSc degree in 2006. The 
recommendations stemming from this conference echoed the innovative ap-
proaches to science education being championed by the U.S.A National Science 
Foundation (NSF) and the Boyer Commission Report entitled “Reinventing 
Undergraduate Education: A Blueprint for America’s Research Universities” 
(http://naples.cc.sunysb.edu/Pres/boyer.nsf/). The former director of the NSF, 
Rita Colwell, and the lead author of the Boyer Report and then-president of 
the State University of New York at Stony Brook, Shirley Kenny, gave plenary 
 rEvIEW oF ThE UnDErGrADUATE SCIEnCE CUrrICULUM  191
presentations at this meeting. The conference reinforced the importance for all 
students at a research-intensive university to experience something special in 
their education. Like major NSF educational programs and the Boyer Report, 
the summary of the conference concluded “that students at a research university 
have a right to expect that they will be continually challenged intellectually and 
will be part of a community of learners.” It went on to identify that the best way 
to do this is within a research-based learning system where several methods 
of interaction take place between lecturer and student, rather than simply the 
traditional “large lecture theatre with a non-accessible academic at the front.” 
Inquiry/discovery based learning inherently implies exchange of elements in 
both directions between lecturer and student, to the mutual benefit of both. 
Students also have the right to expect that the outcome of their educational 
experiences at a research university will equip them, not only to be worthwhile 
citizens, but also with the knowledge, skills and habits of the mind to make a 
significant contribution to their chosen field of endeavor, and to be internation-
ally competitive. Finally, students have the right to expect a significant amount 
of contact with academic researchers and scholars, who will take the role of 
advisors and mentors. Importantly, academic staff should not be constrained in 
this role because of pressures due to other aspects of their university commit-
ments (http://espace.library.uq.edu.au/view/UQ:152849).
In late 2005, we began in earnest to prepare for the review of the BSc de-
gree. In addition to taking on board the above recommendations, we were 
also guided by a 2004 report from the Faculty of Arts and Sciences at Harvard 
University entitled “A Report on the Harvard College Curriculum Review.” A 
book by the former president of Harvard University, Derek Bok, entitled “Our 
Underachieving Colleges: A Candid Look at How Much Students Learn and 
Why They Should be Learning More” plus “The Future of Higher Education: 
Rhetoric, Reality, and the Market” by Newman et al (2004) were also very influ-
ential in shaping our higher level thinking. However, in order to connect more 
fully with faculty members at the scientific level, we purchased 120 copies of a 
2003 National Research Council of the National Academies report entitled “Bio 
2010: Transforming Undergraduate Education for Future Research Biologists.” 
A copy of this report was distributed to all members of the committees listed 
below.
At first this report was a lightning rod to the mathematicians, chemists and 
physicists. Further, the fact it was coming from a dean who was a pharmacolo-
gist with a strong biomedical background heightened the level of anxiety. To 
their credit, they actually read the report, which sent a very powerful message 
about the enabling sciences and championed the call for all future biological 
scientists to have strong backgrounds in mathematics, chemistry and physics. 
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It was as if they had been down the road to Damascus, and we were relieved 
that the review process was back on track. It was necessary to go to this level 
of education because most faculty members had not received training in how 
to teach or plan a curriculum. Bio 2010 also sent a powerful message about the 
value of biologists, mathematicians, chemists and physicists working together 
and reinforced our university-wide initiative to encourage faculty to complete a 
Graduate Certificate in Higher Education, which includes a major project based 
on their own teaching. The Bio 2010 report encapsulates nicely what Handels-
man, Miller, and Pfund (2007) say about the importance of scientific teach-
ing: “Embedded in this undertaking is the challenge to all scientists to bring 
to teaching the critical thinking, rigor, creativity, and spirit of experimentation 
that defines research.” 
The review of the BSc degree involved significant outside input; the panel 
was composed of three external experts to the University, and two senior mem-
bers from within UQ. The chair was an eminent Australian scientist from the 
University of Adelaide, with the other two prominent external members com-
ing from the University of Michigan and the University of Newcastle, Australia. 
Their charge was to critique and make recommendations on the student life-
cycle of the BSc degree from recruitment, transition to university, curriculum 
structure and content, assessment, undergraduate research experience, extra-
curriculum, attainment rates, graduate employability, industry engagement, 
and alumni formation. The review panel met on the St. Lucia campus from 
November 20–24, 2006, and conducted an extensive program of interviews 
and discussions with stakeholders who were identified as having an interest 
in the BSc. Prior to this, each member of the committee received a joint sub-
mission from the three faculties teaching in the BSc: Biological & Chemical 
Sciences (teaches ~70% BSc degree), Engineering, Physical Sciences & Archi-
tecture (teaches ~20%), and Social & Behavioural Sciences (teaches ~10%). The 
panel also considered 22 submissions from academics around the university 
and interviewed 56 internal faculty members, 16 students and eight external 
government and industry representatives. From one review cycle to the next, 
different areas are given prominence, but the overall aim remains the same: to 
subject our efforts to rigorous external scrutiny and to ask whether we are truly 
improving student learning. 
The BSc review, as we moved into 2006, quickly focused on the content and 
structure of the curriculum, primarily because it had ballooned in to a smorgas-
bord of offerings containing a large number of courses (350) that underpinned 
40 majors. It was a curriculum where flexibility and choice reigned supreme. 
The review presented an opportunity for faculty to reassert their ownership of 
the curriculum, and to mold a program that would prepare students for the 
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significant challenges of the 21st century, where most of the advances in science 
will come at the intersection of disciplines. First and foremost, the BSc needed 
to sit within the overarching educational goals of the university. To help guide 
this general discussion on the BSc degree from a whole-of-university perspec-
tive and to get leaders to ask the right questions, we used the following from 
Newman et al (2004):
•	 What knowledge do we expect students to acquire to be productive 
and effective in the workforce and as citizens? 
•	 What does it mean when we say that students are prepared for 
successful participation in the economy and society?
•	 What knowledge and skills do our students currently have when they 
leave high school or enter from the workforce?
•	 What skills and knowledge are necessary for all students regardless of 
a major?
•	 Which teaching methods do we use, and are they producing 
successful outcomes for all students?
•	 What roles can technology play in improving teaching and learning? 
What roles can it play in assessing learning?
•	 What assessment tools should be used to demonstrate mastery of 
agreed-upon academic goals and knowledge levels?
•	 What are the priorities and appropriate balance of the faculty role at 
UQ among teaching, research, advising and service?
•	 Which bachelor of science degrees at other institutions are 
succeeding in achieving high levels of learning?
An emphasis on the structure and content of the curriculum, and on what 
and how it is taught focused the minds of the different faculties and schools 
involved in the delivery of the BSc—the key reason being the focus on income 
generated from teaching into the BSc degree program. This was the most prom-
inent thought bubble at the beginning, but over time, through a very inclusive 
process of consultation, it was marginalized. To cover the student life cycle we 
set up the following committees: (1) Steering Committee; (2) Structure of the 
BSc Committee; (3) Pedagogy Committee; (4) Student Experience Committee; 
(5) Honors and Careers Committee; (6) Government and Industry Committee; 
and (7) Alumni Committee. The Steering Committee was made up of executive 
deans and heads of school whose academics taught into the BSc and it set and 
drove the agenda. Like the Harvard review, it was asking: “Did the BSc degree 
convey a coherent vision of what the university was trying to achieve? Did the 
pieces mesh in sensible ways? How did the curriculum intersect other parts of 
the overall undergraduate experience?” To further assist the co-chairs of each 
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committee, the Steering Committee developed a more explicit list of questions 
covering their specific charge. The purpose of these questions was to initiate the 
discussion but to in no way restrict the sphere of action, expression or influence 
of the respective committees. It was interesting to observe how different com-
mittees exercised these degrees of freedom. 
Following a lead up in 2005, where open discussions were held around cam-
pus on global science education, each committee was invited to meet as fre-
quently as possible during the first eight months of 2006, prior to the deadline 
for preparing the final submission. The Steering Committee was the first port of 
call for reports from the other committees, which were subsequently amalgam-
ated and their recommendations delivered to two retreats. One of these retreats 
was held for two days, approximately 100 Km away from the St. Lucia campus, 
and along with the other retreat, was chaired by a professional facilitator. Al-
though this may appear an expensive undertaking, it was apparent that we were 
trying to shape the future of the BSc and science education more generally in 
the State of Queensland, with faculty members from three faculties who did 
not know each other and had never shared a coffee or meal together. In form-
ing the above committees, we gave a lot of attention to their membership and 
worked assiduously to ensure that younger faculty members were included. In 
shaping the discussion, we were cognizant of the fact that useful knowledge was 
doubling every two years and that the disciplines today may be very different in 
2020. The futurologist Rodney Hill from Texas A&M University encapsulated 
this type of thinking when he asked, “Will any curriculum in any university in 
the top ten in the world in 2020 even resemble the curriculum of today’s top ten 
universities?” 
In addition to consulting faculty members, we also gave significant atten-
tion to seeking input from our students through surveys and inviting their rep-
resentation on all the above committees. Initially, we reaffirmed Bok’s (2006) 
principles that “the purpose of an undergraduate education is to foster gener-
ally accepted values and behaviors such as honesty and racial tolerance. Within 
this mandate, several aims are especially important: (1) ability to communicate; 
(2) critical thinking; (2) moral reasoning; (4) living with diversity; (5) living 
in a global society; (6) a breadth of interest; and (7) preparing global citizens.” 
We fully appreciated that for advancement in today’s world, students require 
more than the simple mastery of a body of knowledge. In reaffirming the above 
principles, we explicitly stated that our ambition is to instill in students wisdom 
and understanding, as well as knowledge and skills, the essence of a moral and 
ethical framework of education.
Students were given an opportunity to present the “student perspective” on 
the curriculum at each of the retreats. In all our discussions we emphasized that 
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the BSc has at least three roles that are best explained by the three cohorts that 
exist within the student body: (1) those students who are present to obtain a 
general education; (2) those students who are positioning themselves to enter a 
professional degree (e.g., medicine, pharmacy, teaching, etc.); and (3) those stu-
dents who see science as a worthwhile career and will proceed to Honors (4th 
year) and probably a PhD. The latter group comprised about 30% of students. 
Faculty members took very seriously their responsibility to show students, no 
matter their trajectory, the light on the hill in respect to all things science.
Like many other OECD countries Australia has been experiencing a down-
turn in its K–12 STEM performance. The most worrying sign coming from sur-
vey instruments like PISA, TIMSS and PIRLS is that Australia is not improving 
its performance; on just about every indicator it is slipping behind or remaining 
static compared to the top performing OECD countries (http://www.acer.edu.
au). In this context it is important to see the BSc degree as part of a continuum 
spanning from K–12, university, and through to employment. If one considers 
the BSc degree in the light of a normal Australian lifespan, it is apparent that we 
only have a student in the undergraduate program for ~5% of their life, com-
pared to the nearly 50% they spend in the workforce. This narrow window of 
opportunity highlighted the real responsibility to instill in students the knowl-
edge, skills and habits of the mind for life-long learning. As the leading univer-
sity in the state of Queensland it was apparent that most of the esteem in science 
education resided at the University of Queensland. Indeed it was clear from 
exchanges with high school representatives that the standards we set influenced 
the focus of the secondary school curriculum and the advice students were 
given about being university ready. During the review, we reaffirmed the entry 
requirements into the BSc being at least high school level English, intermediate 
mathematics (Maths B) and either chemistry or physics. We have also more re-
cently awarded extra entrance points to students who have completed the high-
est level mathematics (Maths C). Regretfully, we are still beset by a problematic 
K–12 sector that is seeing expensive remedial teaching taking place.
The most significant outcome from the review was the enhanced collegial 
culture across the three faculties that brought different disciplines much closer 
together. This intangible gain was achieved through the hard work of the com-
mittees and its impact is often underestimated; it made the impossible possible 
and it is a great compliment to the faculty members involved in the review. 
There were many tangible gains: (1) reduction in the number of majors from 
40 to 18; (2) stronger recognition that mathematics, physics, chemistry and bi-
ology are the enabling sciences that underpin our education philosophy; (3) 
introduction of two major first year courses entitled “Foundations of Science” 
and “Analysis of Scientific Data” to enhance the quantitative and information 
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aspects of the degree; (4) a dramatic reduction in the number of first year 
courses (e.g. the number of biology courses was reduced from six to three); (5) 
a significant reduction in the number of second and third year courses to enable 
students to plan their program of study in a more rational manner and to sim-
plify academic advising; (6) discipline-specific streaming to commence much 
later, in the second semester of second year; (7) a significantly enhanced focus 
on the undergraduate research experience; and (8) a renewed focus on teaching 
excellence, pedagogical advances and the science of learning. We also tabled a 
proposal during the review for an undergraduate research learning building to 
significantly enhance the quality of the environment for science students, which 
reflects current research and practice into how students learn. 
The ultimate indicator of a successful review is whether the changes rec-
ommended have had any impact on student learning outcomes. The only way 
to do this is to foster a culture that is prepared to measure student learning in 
a realistic and meaningful manner that evokes general agreement (Bok, 2006; 
Matthews et al, 2012). The strong emphasis on quantitative skills in the 2006 
review led to the development of an introductory mathematics-science inter-
disciplinary course, and the requirement that all BSc students complete a first 
level statistics course. To ascertain the impact of such an approach, the Faculty 
of Science (UQ changed its structure in 2008) funded teaching and learning 
grants under the priority area of building quantitative skills, which ultimately 
led to UQ leading a large national grant in the same area across science de-
gree programs. As the trend data from 2008, 2011 and 2014 demonstrate, these 
efforts have significantly enhanced students’ perceptions of quantitative skills 
(Figure 1). The data show that change can take years to impact students, even 
with sustained efforts and resources dedicated to this goal; 2014 students were 
still reporting levels of confidence and improvement lower than 75%. This is an 
important lesson to inform future BSc reviews; curriculum renewal to achieve 
aspirational graduate level learning outcomes is a long-term commitment. The 
need for similar data in other areas of the curriculum is axiomatic. Indeed, a 
faculty-wide mechanism is required to measure vertical and horizontal integra-
tion of recommended changes. 
The word “curriculum” broadly defines the entirety of the student experi-
ence. The original Latin meaning of the word is “a race” or “the course of a 
race” that is derived from the verb currere meaning “to run/to proceed (http://
en.wikipedia.org/wiki/Curriculum).” The responsibility for managing a curric-
ulum review was as the meaning of the name conveys, like going to the races, as 
the variety of horses at the commencement was impressive. This is not necessar-
ily unusual as all faculty members have experienced personally both the highs 
and lows of education, and higher education in particular. In other words, they 
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have a healthy opinion on how the chips from such a race should fall. From ten 
years as executive dean at the University of Queensland, I (MEMc) would con-
clude that curriculum review is the most dangerous place for a dean to go. In 
pursuing the case for change, there was a burning need to manage up as much 
as down, as certain senior managers were often prone to overreact to noise in 
the change process. It was also a very enjoyable experience, especially when 
both young and old faculty members spoke passionately about their course and 
students. It was even more rewarding when students reminisced about their 
experiences and in the process lauded their teachers and the university. Simi-
larly, positive feedback from representatives of government and industry about 
the quality of our graduates also gave reason for celebration. Our only wish is 
that all academics become blessed to see beyond their special interest course 
and see more clearly the universal: the whole student experience. The Belgian 
Nobel Laureate Maurice Maeterlinck once said, “At every crossroad on the road 
that leads to the future each progressive spirit is opposed by a thousand men 
appointed to guard the past (http://www.wisdomcommons.org/author/Mau-
rice%20Maeterlinck).” Managing change in this digital age where knowledge 
can be delivered anywhere, any place, and at any time to remain competitive 
and relevant, will fundamentally influence curriculum. Healthy debate is ideal, 
but that debate must be future-looking. 
fIgure 1. Percentage agreement from students for aspects of quantitative skills 
over time. statistically significant differences existed between certain cohorts for 
quantitative skills within the following indicators: improvement (F(2, 254.47) = 6.58, 
p = .002); inclusion (F(2, 251.80) = 15.13, p < .001); and confidence (F(2, 253.36) = 4.26, 
p = .015).
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Key Elements to Create and Sustain Educational 
Innovation at a Research-Intensive University
Daniel Hastings and Lori Breslow
MIT is a research-focused university. As such, faculty are required to do cut-
ting-edge research, and the internal reward system, centered on tenure, is built 
on that expectation. Nevertheless, MIT has introduced or modified a number of 
innovative ideas in education in the last several decades. This paper will focus 
on three of those initiatives. The first is the Undergraduate Research Opportu-
nities Program (UROP), one of the Institute’s oldest educational innovations. 
UROP began in 1969 as a way to involve undergraduates in faculty research; 
the vast majority of MIT undergraduates now enroll in at least one UROP by 
the time they graduate. The second innovation is Technology-Enabled Ac-
tive Learning (TEAL), which changed the pedagogy used in MIT’s first-year 
required physics courses from lecture/recitation to active learning. TEAL of-
ficially launched in 2003, and the majority of students currently take freshmen 
physics in the TEAL format. The third example is Conceive, Design, Implement 
and Operate (CDIO), an educational framework for teaching engineering that 
began at MIT in the late 1990s, and was established internationally as the CDIO 
Initiative in 2000.
The staying power of these three innovations is due to several elements they 
share in various combinations: a passionate faculty member, an initial pilot, 
support at the administrative level in the form of a department head or dean, 
substantial resources, the availability of expertise complementary to the fac-
ulty’s domain knowledge, and, in some cases, the opportunity for formative 
assessment, particularly in the early stages of the project. We discuss each of 
these factors using the three examples cited above. We also describe the status 
of each project, and, finally, we offer some thoughts on why these innovations 
took root, their broader impact at MIT, and why institutional-level change has 
yet to take hold.
faCTors neCessary for eduCaTIonal Change aT MIT
The first ingredient necessary to make substantial change to the existing edu-
cational paradigm at MIT is the leadership of a faculty member. The Institute 
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has a strong faculty-driven culture, and the faculty feel they are the owners of 
the educational experience. In the three cases cited above, UROP, TEAL, and 
CDIO, there was an individual tenured faculty member who decided to devote 
extensive time and effort to start the innovation, implement it, and remain in-
volved until it was institutionalized. Each of these faculty was passionate about 
the proposed effort and saw it as a way to significantly improve undergraduate 
education. That element of passion was necessary to convince others to buy into 
the change. It was also essential to provide the required energy and credibility 
to overcome the inevitable resistance from colleagues who were either uncon-
vinced change was necessary, or who steadfastly supported the status quo.
For example, the physics faculty member who developed and championed 
TEAL, John Belcher, was frustrated by the relatively small number of students 
who were attending lectures, but, more importantly, he was troubled by the 
percentage of students who were failing freshmen physics (about 15% for first-
semester mechanics and 10% for second-semester electricity and magnetism). 
He was aware of attempts at other universities to teach physics using active 
learning pedagogies, and along with physics senior lecturer Peter Dourmash-
kin, he was determined to experiment with so-called studio physics at MIT 
(Breslow, 2010). 
For Margaret MacVicar, MIT’s first dean for undergraduate education, 
the impetus to create UROP was the conviction that MIT’s purpose was to 
“direct the best minds toward inquiries and enterprises concerned with the 
human condition” (Lerner, 1991). By providing students the opportunity to 
do research, UROP can set them on that path. And for Edward Crawley, then 
head of MIT’s department of Aeronautics and Astronautics, and his colleagues 
who developed CDIO, motivation came from their view that engineering was 
a system and had to be taught as such. They believed that students who were 
to become successful engineers needed not only technical expertise, but also 
“social awareness and a bias toward innovation” (Crawley, Malmqvist, Östland, 
& Brodeur, 2007, p. 1).
In each of the three cases, the faculty member’s initial step in moving to-
ward full-scale implementation was to develop a pilot. Well-designed pilots 
teach something about what works and what does not so that the likelihood 
of success when the innovation is scaled up is increased. For UROP, one of the 
key questions was whether undergraduates could do any useful research with a 
faculty member. The initial pilot was small with only a handful of students and 
faculty. However, it showed faculty could use undergraduates in useful ways in 
their research and that undergraduates could learn something from the experi-
ence. It also suggested some boundary conditions that are still in place today: 
For example, a UROP has to be verified by the supervising faculty member as 
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worthy of academic credit. This ensures that the UROP is not just “bottle wash-
ing,” but meets the same standards for academic credit as MIT courses. 
Similarly, in designing TEAL, Belcher and Dourmashkin ran two “off-
term” pilots in the fall semester 2001 and 2002, with two sections of about 
seventy students each. Those classes provided a number of useful lessons when 
TEAL went “on-term” with almost 800 students in the spring of 2003. The de-
partment of Aeronautics and Astronautics experimented with several different 
pedagogies, means of student assessment, and changes in departmental norms 
around rewards for effective teaching, as Crawley and his colleagues developed 
CDIO. 
The faculty champions, however, had to garner wider political and financial 
support if the reform was going to move beyond the pilot. As mentioned above, 
MIT faculty are responsible for the educational enterprise and a promising re-
form can whither if the faculty champion steps away from it. At MIT, as in many 
other universities, power resides in the departments. Departmental level sup-
port is absolutely essential over the life cycle of the innovation if it is going to be 
sustainable. That support can take several forms. For example, the vast majority 
of MIT faculty are so time poor that the passionate innovator can only succeed 
if time is made available for him/her to focus on the proposed transformation, 
which usually means relief from a regular teaching load. Or, the visible support 
of a department head or dean can offer some protection from critics. (This is 
what in the U.S. Air Force is called “top cover.”) Thirdly, departmental support 
can ensure that space and administrative staff are made available.
In the case of TEAL, the department head and associate department head 
in the physics department backed the experiment and provided the necessary 
“top cover.” TEAL faced significant opposition from a group of physics faculty 
who felt that only lectures could transmit the beauty of physics to students. (The 
students were not happy with the change to TEAL because they are required to 
come to class if they want to earn an A. Most other classes at MIT do not require 
attendance.) Yet departmental leadership, as well as the dean for undergradu-
ate education, defended TEAL through its tumultuous first semester. Five years 
later, when the faculty champion wanted to move on, the department head 
made sure that the new faculty lead would continue TEAL in first-year physics. 
In the case of CDIO, department leadership saw to it that the pedagogy 
was adopted across numerous undergraduate courses in the department. For 
UROP, the support was at the level of deans, as the home department was not 
that supportive. However, this had the positive effect of getting UROP adopted 
across the Institute.
Institute-level leadership has the power to provide funding. Academic units 
often operate with much of their resources fully committed. This means that 
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any new—and often controversial—idea has to compete for resources against 
the established way of doing business. For an educational reform to even begin 
in a pilot phase, resources are necessary, particularly for additional staff, such as 
teaching assistants, instructors, experts in learning and assessment, and/or edu-
cational technologists (more on this below). As significant work on these initia-
tives is often done over summers, it is also important to underwrite the summer 
salary of the faculty who are involved, or they may be tempted to spend that 
time on the research for which they do have funding. 
In the three cases cited, substantial resources were made available in their 
initial phase. TEAL benefited from two sources of funding that came to MIT in 
2000: the d’Arbeloff Fund for Excellence in Education (named after the donor, 
the former chair of the MIT Corporation, and his wife), and iCampus, which 
was funded by Microsoft Research to support innovation in education technol-
ogy. These two funding sources gave grants to TEAL via an internal proposal 
process that was not too onerous. The grants were used for summer salary for 
faculty and teaching assistants, as well as the salaries of some of the institutional 
level staff who collaborated on TEAL. Both the UROP pilot and the CDIO ini-
tiative were funded initially by large grants from outside MIT. The gift to launch 
UROP came from Edwin Land, the founder of Polaroid, while a foundation in 
Sweden initially sponsored the research that led to CDIO. 
Each of the three reforms also benefited from a number of specialists em-
ployed at MIT. Faculty in an institution like MIT are chosen for their scientific, 
technical and humanistic scholarship; it is no secret that the vast majority of 
them have no scholarly background in education or educational technology. 
Ideally, then, the faculty, who have domain expertise, will have the opportunity 
to collaborate with educationalists, whose expertise is in the science of learning; 
educational technologists, who can develop effective software; instructional de-
signers, particularly those with knowledge of online learning; and educational 
researchers, who can design and implement studies to assess the extent to which 
the innovation is succeeding in meeting the educational goals it was designed 
to achieve.
At MIT this kind of expertise resides in the Teaching and Learning Labo-
ratory (TLL), the Office of Digital Learning (ODL), and the Office of Strategic 
Educational Initiatives (SEI), among other units. For example, ODL employs 
project managers who are typically supported partially with institutional funds 
and partially with funding associated with faculty-led projects. This model en-
sures their availability to work on different projects is flexible, and that they are 
responsive to faculty needs. TEAL and CDIO were helped substantially by col-
laboration with educationalists in TLL, who are themselves PhDs in STEM fields 
with additional expertise in teaching and learning. Educational technologists/
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programmers were available through the Office of Educational Innovation and 
Technology (OEIT), now SEI.
In addition, TEAL and CDIO benefited from collaboration with educa-
tional researchers with specific expertise in the assessment of learning. A mem-
ber of the initial TEAL project team, Technion Professor Yehudit Dori, is an 
internationally recognized expert in science education. She was involved in a 
study to compare TEAL with the lecture/recitation model of teaching during 
the semester that electricity and magnetism was taught in both formats (Dori & 
Belcher, 2005). Dori then collaborated with TLL researchers to follow a subset 
of these students to understand the long-term retention of E&M concepts for 
students in each condition (Dori, Hult, Breslow, & Belcher, 2007). 
The d’Arbeloff and iCampus grants went over several years, which enabled 
the long-term development of TEAL over a period of several years. It is impor-
tant that the resources were continued to be made available to the lead faculty 
so he could focus on gathering data to assess the impact of TEAL, and to use 
those data for continuous improvement.
CurrenT sTaTus of The Change InITIaTIves
The Undergraduate Research Opportunities Program is now more than forty 
years old. It has become institutionalized in that routinely over 85% of un-
dergraduates participate in the program at some point in their undergraduate 
career. Many of the faculty see UROP as a way to interact more deeply with 
undergraduates (as compared to lectures in a class, for example), and it has 
earned wide support among the faculty. A number of policies have been de-
veloped to ensure both the quality of the program and its smooth functioning. 
For example, as mentioned above, all UROPs should be eligible for academic 
credit as certified by the supervising faculty member. This helps guarantee the 
academic validity of the UROP project, and it allows students to move from a 
paid UROP to one for academic credit and vice versa. Many faculty now insist 
on a semester of academic credit for a student doing a UROP before he/she gets 
paid. In other words, the faculty are using academic credit as a gatekeeper to 
ensure the student is serious.
Secondly, UROP projects can be either faculty initiated or student initi-
ated. In the former, faculty members advertise for UROP students through an 
internal MIT website and by word of mouth among the students. They decide 
whether they want to offer funding (usually from a research grant) or academic 
credit. In a student-initiated project, the student needs to a find faculty member 
willing to supervise her/him; this is done both by providing all students with a 
list of faculty expertise and by word of mouth. If a faculty member is willing to 
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sign a proposal to verify the project is credit worthy, but the student wants to 
be paid, then the student can apply for central MIT funding. Students are most 
likely to get credit during the semester, but get paid during the summer. For 
many students on financial aid, the rate of pay in the summer is sufficient to 
meet MIT’s “summer earnings expectation.” Thus a paid summer UROP both 
provides necessary resources for students and connects them personally with a 
faculty member. 
Surveys show that by doing UROPs, students learn about the nature of re-
search, and, in particular, how to handle ambiguity. We believe this is the case 
because in research, unlike most problem sets, there are not clear-cut answers. 
Students also learn about disciplines and areas that they do not wish to pursue 
as a result of doing a UROP. Thus, students can explore different fields without 
having a grade attached to a course. 
TEAL is now firmly embedded in the physics department and has survived 
several transitions to different faculty leads. This is a tribute to the department 
leadership over the years who had withstood both faculty criticism and student 
resistance. The department expects that new TEAL faculty will be trained in 
active-learning pedagogy since the skill to stand up at a blackboard and lecture 
is quite different from the ability to work with student teams and respond to 
the difficulties they may be having at any given moment. New faculty are asked 
to go to one or more classes the term before they teach, and their own class is 
scheduled after that of an experienced instructor so they can watch him/her 
teach the class before they do. As positive affirmation of the effect of TEAL, the 
failure rate in freshmen physics has been more than halved.
Even though there have been several Aeronautics and Astronautics Depart-
ment heads in the last few years, CDIO has been adopted and institutionalized 
in the department. The undergraduate curriculum is now oriented around a set 
of classes that help students to conceive, design, implement and operate aero-
space engineering products. All faculty teaching undergraduate classes struc-
ture their learning outcomes around CDIO and write reflective memos each 
term to the associate department head in which they outline what they will do 
to improve their teaching in the coming year.
The department has also retained a full-time communications and learning 
specialist to help the faculty integrate communications skills into classes. The 
specialist collaborates with the faculty evaluate the learning that is taking place 
in the courses. Another example of the effect of CDIO is that for many years 
the department administered its own student course evaluation, developed by 
a department-level assessment specialist along with the Teaching and Learning 
Lab. The evaluation included questions that gave the instructor a sense of how 
and what the students were learning. In recent years, the questions were taken 
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over by the institute course evaluation system as being best practice and the 
department system was supplanted by the Institute system. 
The IMPaCT of Changes on MIT undergraduaTe eduCaTIon
Has MIT undergraduate education been transformed as the result of these re-
forms and other pedagogical innovations at MIT? If the meaning of the word 
“transformed” is that all courses have adopted educational practices that have 
been shown to strengthen teaching and learning, then the answer must be 
“hardly.” But that does not mean that the undergraduate educational enterprise 
has not been affected beyond the particular courses or programs that under-
took a reform. 
CDIO and TEAL caused other departments at the Institute to examine their 
own curriculum and pedagogical methods. The Department of Mechanical En-
gineering, for example, has undertaken a large-scale curricula review that has 
resulted in more flexible requirements for the students, allowing them more 
latitude in how they structure their undergraduate degree. The Department of 
Electrical Engineering and Computer Science (EECS), the largest undergradu-
ate major, has introduced much more active learning and peer instruction into 
its introductory courses. Material Science and Engineering rethought its un-
dergraduate curriculum, embracing many of the core ideas of CDIO, if not its 
specific form. Courses in EECS and math now teach in the TEAL classroom, 
adopting a number of its pedagogical innovations. As mentioned above, UROPs 
are offered in every department in MIT, including those in the humanities and 
the social sciences.
Why were these efforts not adopted across the board? To answer that 
question, we draw upon a framework developed by our colleagues at the MIT 
Sloan School of Management called “The Three Lenses” (Ancona, Kochan, Van 
Maanen, & Westney, 2005). It provides different perspectives through which 
organizations and organizational change can be understood, which Ancona 
and her colleagues define as the strategic design lens, the political lens and the 
cultural lens. The strategic design lens posits that an organization is engineered 
to achieve agreed-upon goals based on the environment in which it sits, as well 
as its own strengths and weakness. Change comes about when a threat or op-
portunity arises in the environment, or when parts of the organization are not 
aligned to achieve defined goals. The political lens sees organizations as contests 
for power, and the driver of change is a shift in power among stakeholders. The 
cultural lens defines organizations as entities in which members share symbols, 
identities, norms and assumptions, and the driver for change is new interpreta-
tions of meaning within the organization (Carroll, 2006). 
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How does this framework help to explain why we have not seen educational 
change Institute-wide? We believe that the structure, the politics and the culture 
of MIT (and, we would argue, at many research-intensive universities) were not 
conducive to wide-scale transformation. Nor are drivers of change yet suffi-
ciently strong to move the entire educational enterprise. For example, although 
MIT’s strategic goals include both research and learning, it is no surprise that 
in the wider academic environment, prestige in research is still the pre-eminent 
goal for universities like MIT. (Whether the balance is moving toward educa-
tion with shifts in both government policy and popular opinion toward higher 
education remains to be seen.) We can also find an explanation for the absence 
of institutional transformation through the cultural lens. At MIT, competition, 
the survival of the fittest, and the superiority of quantitative analysis over other 
kinds of work are strong cultural values. But they do not necessarily lend them-
selves to educational methods whose goals are to guarantee that all students 
master a pivotal set of concepts and skills.
The political lens probably allows the most straightforward explanation. 
The locus of power at MIT resides in the departments, and there is no strong 
centralized control to balance it. But departments are reluctant to adopt ideas 
from other departments wholesale; change is impeded by the Not Invented 
Here syndrome. As other MIT colleagues of ours so eloquently described NIH 
in a 1977(!) paper, “If we have not invented the innovation we cannot claim 
credit for it and thus fail to gain the prestige that accompanies something new” 
(Halfman, MacVicar, Martin, Taylor, & Zacharias, p. 3). NIH is very much op-
erational among departments at MIT, and faculty in one department are loathe 
to simply replicate what faculty in another department have done. We have ob-
served that reforms are best spread at MIT when faculty champions describe 
their innovation and are content with the fact that it will be implemented differ-
ently and on a different scale in other departments. In fact, this mirrors results 
from an international study of successful reforms in engineering education that 
found that “departments appear to be the engine of change” (Graham, 2012, 
p. 2). 
In October 2014, MIT released the final report of the Institute-wide Task 
Force on the Future of MIT Education (see http://future.mit.edu/final-report). 
It was the product of three working groups of faculty and staff, which had exam-
ined residential education and facilities, global opportunities, and new finan-
cial models for higher education. The working groups solicited input from the 
entire community, both by organizing face-to-face meetings and by requesting 
comments on a preliminary draft. The final report outlines a number of rec-
ommendations for improving both undergraduate and graduate education at 
MIT, including increasing flexibility through modularity, transforming physical 
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spaces to support learning, and defining new educational opportunities through 
service. It may yet provide a blueprint for institutional educational change.
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Changing Practice Towards Inquiry-Oriented 
Learning
Les Kirkup
The Office for Learning and Teaching (OLT) is part of the Australian Gov-
ernment’s Department of Education with a mandate to promote and support 
change in higher education institutions for the enhancement of teaching and 
learning. This chapter describes the goals, processes and outcomes of a one-year 
OLT National Teaching Fellowship1 awarded to the author in 2011 to transform 
institutional practice by mainstreaming inquiry-oriented learning (IOL) in sci-
ence in Australian universities. 
Inquiry plays a critical role in the professional lives of scientists. By com-
parison, until recently, inquiry has assumed a modest role in the undergraduate 
science curriculum (Alkaher & Dolan, 2011). IOL activities have the potential 
to enhance students’ problem-solving skills, stimulate creativity and foster inno-
vation within students (Hanif, Sneddon, Al-Ahmadi, & Reid, 2009; Lee, 2012). 
These are essential attributes for students who complete a degree in science 
(LTAS, 2011). Through IOL activities, students: engage with scientific questions 
that have no predetermined answer; develop and implement approaches to ad-
dress those questions; refine their approaches in order to enhance the quality 
of their data; gather evidence, and; communicate explanations and conclusions 
based on that evidence (adapted from Olson & Loucks-Horsley, 2000). As such, 
IOL reflects processes employed by scientists in their discipline-based research. 
Evidence has steadily accumulated of the effectiveness of IOL to enhance 
student engagement and learning in science (see for example, Casotti, Rieser-
Danner, & Knabb, 2008). The question arises as to why few science degrees 
programs in Australia have embedded IOL or similar approaches in their cur-
riculum. Part of the answer lies in the absence of a critical mass of stakehold-
ers able to drive curriculum change on a large scale. This situation has altered 
1. Strictly, the author was awarded a National Teaching Fellowship of the Australian Learning 
and Teaching Council (ALTC), which is the direct antecedent of the Office for Learning and 
Teaching, and which had the same responsibilities. This chapter draws on the report of the OLT 
Fellowship which can be found at http://www.olt.gov.au/resource-kirkup-les-uts-altc-national 
-teaching-fellowship-final-report-2013 
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recently with drivers at national and institutional levels uniting to bring impe-
tus to enhancing student learning of science at universities through participat-
ing in the processes of inquiry. 
These drivers include:
•	 Australia’s chief scientist who provides high-level advice to the Aus-
tralian Federal Government, is determinedly advocating students be 
given insights into processes by which scientific knowledge is created 
and challenged, through engaging in inquiry (Office of the Chief Sci-
entist, 2012).
•	 Evidence accrued over many years that active learning strategies, such 
as IOL, increase student performance (Cobern, Schuster, Adams, Ap-
plegate, Skjold, Undreiu, Loving, & Gobert, 2010; Freeman, Eddy, Mc-
Donough, Smith , Okoroafor, Jordt, & Wenderoth, 2014).
•	 The potential of inquiry to engage students, thereby arresting student 
attrition prevalent in science courses (Pitkethly & Prosser, 2001).
•	 Increased awareness that undergraduate inquiry emulates research ac-
tivities of scientists and consequently is viewed favorably by research-
focussed academics (Healey & Jenkins, 2009). 
The OLT Fellowship awarded to the author was a response to these driv-
ers. A diversity of approaches was adopted to engage and support stakeholders 
in mainstreaming IOL in science in Australian universities, including: funding 
and mentoring teams in Australian universities to develop IOL activities; run-
ning hands-on IOL workshops in universities, enabling IOL to be experienced 
and critiqued by discipline-based academics, teaching and learning specialists, 
and senior academic administrators; developing a partnership with Australia’s 
premier scientific organization, the Commonwealth Scientific and Industrial 
Research Organisation (CSIRO), in order to co-develop laboratory-based IOL 
activities of broad appeal linked to the national science agenda, and; exploring 
the student perspective of IOL through student surveys and focus groups. The 
fellowship program described in this chapter promoted the national drive to-
wards embedding more inquiry in undergraduate science degrees in Australian 
universities.
sTraTegIes for Change 
Elton (2003) remarked: “The appropriate collaboration of relevant agencies, 
both inside and outside universities may be able to use certain systematic strat-
egies to achieve positive systemic change.”
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In order to promote changes in practice, Elton argued that “education and 
reason,” i.e., the unidirectional exposition of innovations to audiences through 
papers, seminars, or similar and supported by a clear evidence-base of the value 
of the innovations are necessary but not sufficient for change to ensue. With 
due regard to Elton’s insight, the author took the position that the participa-
tion of relevant agencies, allied to other strategies could achieve what education 
and reason alone could not. These agencies included the Office for Learning 
and Teaching, students, technical staff, academics and senior administrators, 
including deans and deputy vice chancellors, at universities that participated 
in the fellowship program. Elton (2003) also emphasized that the probability of 
change and innovation in higher education is enhanced when there is a conflu-
ence of top-down and bottom-up pressure (top-down being facilitative, and 
bottom-up being innovative). A goal of the fellowship was to galvanize indi-
viduals and groups within universities to build, and sustain, that pressure.
The strategies adopted to facilitate change in Australian universities towards 
IOL in science will now be described. 
fellowshIP-funded aCTIvITIes (ffas)
Recognizing that a “climate of readiness” (Southwell, Gannaway, Orrell, Chalm-
ers, & Abraham, 2005) is key to successful propagation of innovations, and that 
the innovations must be owned from the beginning by the participants, requests 
for expressions of interest (EOI) were advertised nationally from academics in-
tent on developing, trialling and embedding inquiry-oriented activities in their 
curriculum. Each successful EOI was supported with modest funding of $2,000. 
The author acted as an external agent who assumed several roles, including fa-
cilitator and mentor (Vilkinas & Cartan, 2006). 
Academics were given the opportunity to be part of a national, multi-disci-
plinary cluster and to share their experiences and progress with others engaged 
in similar activities at several universities across Australia. Nine successful ap-
plications for funding originated in science faculties at the universities across 
Australia. The core science disciplines of physics, chemistry and biology were 
equally represented amongst the FFAs.
The requirements for FFAs encouraged teams to form with diverse back-
grounds and capabilities to develop, trial and embed IOL activities within the 
curriculum. The initiative engaged institutional leaders, senior academics and 
educational developers in the IOL development. A goal of this strand of the 
fellowship program was to enhance recognition for the work being done by 
academics in developing inquiry activities within their own institution by being 
 ChAnGInG PrACTICE ToWArDS InqUIry-orIEnTED LEArnInG 211
involved with a national program of activities and to act as a seed to attract 
more funding within their institution and/or externally.
Support from the fellowship for FFA recipients came in several forms, 
including running focus groups with students to explore their experience of, 
and attitudes towards, IOL activities. The FFA recipients wrote reports on the 
activities they developed which appear on the fellowship website: http://www 
.iolinscience.com.au/our-iol-activities/new-partnerships-and-networks/. Sev-
eral recipients have since attracted money from within their universities to con-
tinue their innovation and published their work in peer-reviewed journals (see, 
as examples: Rayner, Charlton-Robb, Thompson, & Hughes, 2013; Creagh & 
Parlevliet, 2014).
sTudenT foCus grouPs
For an informed insight into how students view learning through inquiry, the 
student experience was explored by means of focus groups at five universities in 
four states that received FFA funding. Examination of attitudes and experiences 
permitted students’ understandings of inquiry to surface and issues to emerge 
that had not been anticipated. 
Focus groups were conducted with students who had recently completed an 
inquiry-type activity. To bring emphasis to institutional issues, questions relat-
ing to the student experience were developed in conjunction with academics in 
each institution. While some questions specifically addressed the activity stu-
dents had completed, others focused on more general themes, such as: How did 
students respond to the activity and how were enjoyment, relevance and learn-
ing viewed by students; what were students’ expectations of an inquiry activity, 
and; what were students’ recommendations for the future development of the 
IOL activities.
A confidential report outlining the research findings was provided to aca-
demics at each university to support the development and evaluation of their 
IOL activities.
InsTITuTIonal workshoPs
Inquiry-oriented activities require students to be imaginative, inventive and 
“think outside the box.” The student perspective of IOL activities and the chal-
lenges facing teaching assistants intent on supporting students carrying out 
such activities were explored in institutionally-based workshops in 2011/2012 
in Australia, New Zealand and the United Kingdom. By placing academics and 
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others in the role of students, the perspective of those participating in the work-
shops was shifted to more closely align with that of students. This allowed for an 
exploration of the value and challenges of IOL activities from the student view-
point. It also introduced an amount of uncertainty and anxiety in participants, 
mirroring experiences of undergraduates required to engage in inquiry.
Workshop participants included full-time and casual academics, technical-
support staff, educational developers and senior academic managers such as 
associate deans. The participants, working usually in pairs, carried out, then 
critiqued, an IOL activity. Participants were encouraged to explore the: activity 
from a student perspective; scaffolding of activities which would best support 
students; challenges faced by students carrying out the activity experiment, 
and; challenges faced by academics in supporting students in inquiry-oriented 
activities.
To maximize the value of the workshop to the participants and to their in-
stitution, a report summarizing the workshop and its outcomes was sent to each 
workshop participant and senior academic manager (such as the dean of the 
faculty). A short anonymous survey was administered at the end of the work-
shop and results of the survey were included in the report. 
The workshops were influential, with several universities indicating they 
had impacted on plans for introducing IOL into their curriculum. The follow-
ing is an extract of a letter received from academics at Monash University:
The workshop, together with further discussions with you about our 
IOL initiatives, galvanised our IOL program and laid the foundations 
for development and later implementation of IOL-based practicals in 
first year units in biology, chemistry and physics. Your workshop also 
provided a catalyst for us to consider the teaching associate perspec-
tive, given their importance in student learning in science teaching 
laboratories. 
—Gerry Rayner (Biology), Chris Thompson (Chemistry)  
and Theo Hughes (Physics), Monash University
naTIonal foruM
A one-day national forum entitled Enhancing Learning in Science Through In-
quiry and Technology attended by full-time and casual academics, educational 
developers and teachers from 18 universities was held at the University of Tech-
nology, Sydney (UTS), to bring prominence to learning through inquiry. In ad-
dition to academics developing, or on the cusp of developing IOL activities, the 
forum was intended to appeal to students wanting to engage with, or contribute 
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to, the conversation on learning through inquiry, as well as educational devel-
opers working with science academics on inquiry. 
The forum comprised international keynotes, topic-driven presenta-
tions and a panel discussion. Goals of the forum included bringing national 
prominence to IOL, intensifying the conversation on IOL and providing forum 
participants with the ideas, tools and techniques to support student learning 
through inquiry and technology. Details of the forum can be found at: <www.
iolinscience.com.au/wp-content/uploads/2012/05/program_booklet.pdf> 
To emphasize the importance of inquiry, not only to the undergraduate 
curriculum, but to supporting a university’s research agenda, the forum was 
formally opened by UTS’ Deputy Vice-Chancellor (Research), Professor Attila 
Brungs, who observed:
As the Deputy Vice-Chancellor (Research), I recognise the role of in-
quiry in inspiring the next generation of talented researchers, which is 
so critical for creating a strong, vibrant and sustainable research culture. 
An outcome of the raising of the profile of IOL within UTS, partly as a re-
sult of the forum, was the creation a community of practice (CoP) entitled “In-
quiry and Research Integrated Learning” designed to explore and disseminate 
IOL across all faculties at UTS. A forum was held in 2013 showcasing many 
non-science IOL innovations at UTS: http://www.uts.edu.au/sites/default/files 
/UTS%20IRIL%20Showcase%202013%20Program.pdf 
The CsIro-unIversITy undergraduaTe InquIry InITIaTIve
To extend the influence of IOL beyond the confines of the university sector, 
a partnership was formed with the Commonwealth Scientific and Industrial 
Research Organisation (CSIRO) to promote learning through inquiry in the 
undergraduate curriculum. This became known as the CSIRO-University Un-
dergraduate Inquiry Initiative. The goal of the initiative was to harness the 
complementary skills and energies of CSIRO and Australian universities to 
co-develop adaptable inquiry-rich learning resources. These resources were in-
tended to enhance undergraduates’ capacities to explore contemporary scien-
tific issues of strategic importance to Australia and Australians. 
The co-developed resources were designed to enhance student engagement, 
especially in the first year at university. It was anticipated that connecting un-
dergraduates at universities with CSIRO would raise the profile and visibility 
of CSIRO within a large and influential group of citizens, namely undergradu-
ate students who will be the next generation of Australian scientists, science 
policy makers and scientifically literate members of society; for universities, the 
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resources developed would offer their undergraduates context-rich opportuni-
ties to engage in practice-oriented and research-integrated IOL activities.
A prototype activity was co-developed with the CSIRO based on research 
into organic solar cell technology: http://www.csiro.au/en/Research/MF/Areas/
Innovation/Systems-and-devices/Flex-Electronics/Printed-Solar-Cells. The ac-
tivity offered significant scope for students to design and carry out an investi-
gation into technology that taps into a renewable energy source. The activity 
has been developed, trialled, reviewed and refined at UTS. A paper detailing 
the background to the initiative and the activity itself has been submitted for 
publication.
oTher ouTCoMes ThaT MaInTaIned The MoMenTuM  
for Change Towards Iol In sCIenCe
OLT grant focusing on teaching assistants: The influence of teaching assistants 
on student learning and engagement in IOL activities emerged throughout the 
fellowship. Funding was granted to the author by the OLT in 2013 for a cross-
institutional, international project examining the impact of alignment between 
the background, ambitions, and views on teaching and learning of students and 
their teaching assistants on student engagement and satisfaction in first-year 
laboratories.
A special issue of the International Journal of Innovation in Science and Math-
ematics: In order to maintain the national prominence of IOL, a special issue 
on “Inquiry and Problem Solving in the Undergraduate Curriculum” is to be 
published in the journal in 2015. 
Threshold Learning Outcomes (TLOs): The author was a member of the advi-
sory group to discipline scholars given a mandate to develop a national set of 
TLOs for use in Australian universities. A key TLO concerns inquiry and prob-
lem-solving and which closely mirrors the goals of IOL. 
Good-Practice Guide: The author and Liz Johnson of Deakin University were 
commissioned to write a good-practice guide for national distribution on 
“Inquiry and Problem Solving.” It is available as a good-practice guide from: 
http://www.olt.gov.au/resource-learning-and-teaching-academic-standards 
-science-2011. The publication assisted in maintaining the prominence of IOL 
at a national level.
Extension grant: Academics from Monash applied successfully for funding 
from the OLT to develop initiatives emerging from the fellowship. An account of 
their work, and a good-practice guide, which was an outcome, can be found at: 




The following lessons emerged as a result of the work described in this chapter:
•	 Elton’s view of the conditions necessary for change, i.e., that a conflu-
ence of agencies within and outside a university heightens the prob-
ability of curriculum change, was well supported by outcomes of this 
fellowship program. As facilitator, innovator and mentor, the author 
was able to support and promote change within several universities. 
Being an outside agent also freed the author of association with issues 
that might adversely influence the progress of the initiative at institu-
tional or faculty levels.
•	 As Southwell et al. (2005) pointed out: “A climate of readiness is im-
portant if successful innovation and dissemination are to take place. 
Such a climate recognises the need for change, engages in reflective 
critique, supports risk-taking, .  .  . and recognises and rewards those 
engaged in enhancing teaching and learning, and builds capability.” 
That climate of readiness to move towards learning through inquiry 
characterized the FFA recipients and played a large part in the success 
of their innovative IOL activities.
•	 Face-to face visits, focus groups with students, as well as hands-on 
workshops, successfully built engagement as well as forged links be-
tween academics and others to promote institutional change through 
engaging with stakeholders at all levels. 
•	 The standing that came with being awarded a national teaching fel-
lowship opened many doors, for example those of the senior execu-
tives within university. This allowed both the national agenda towards 
IOL to be communicated at the highest levels within an institution, 
while at the same time bringing attention to work happening within 
that institution.
•	 Working closely with academics and others in several universities 
meant the fellowship program could connect academics together fac-
ing similar challenges, allowing good ideas to be quickly disseminated. 
The award of a small amount of funding to progress the development 
of IOL activities acted as a catalyst for the work and also as a seed for 
further funding, and raised the profile of the recipients within their 
own institutions.
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•	 Workshops and seminars were held within many institutions during 
the fellowship period in order to engage practitioners and dissemi-
nate the findings of the fellowship. Keynotes and plenary presenta-
tions were additional opportunities to communicate the messages of 
the fellowship, and to engage academics in consideration of IOL.
•	 As a discipline-based academic with contemporary experience devel-
oping, delivering and evaluating IOL activities, the author understood 
the challenges facing academics and students created by open-ended 
inquiry activities. As a consequence, the confidence of stakeholders 
was quickly gained, which is necessary when promoting change.
The impact of the fellowship on changing practice towards inquiry-oriented 
learning nationally and institutionally has been uneven. The scale and sustain-
ability of change of institutional practice toward IOL, based on the experience 
of the fellowship program described in this chapter, is correlated with:
•	 A significant and growing number of academics within an institution 
committed to curriculum reform towards IOL. 
•	 Demonstrable support for IOL innovations from senior academics 
and policy makers. 
•	 Regular conversations between innovators and the author as external 
agent, including face-to-face discussions to explore local issues and 
anticipate potential road blocks.
•	 Genuine recognition and buy-in within an institution that national 
initiatives promoting IOL were (or would become) a priority at insti-
tutional and program levels.
•	 The existence of IOL innovations already progressing within an insti-
tution that would benefit from external validation and influence. 
•	 The determination of academics to publish their work on IOL and dis-
seminate it nationally and internationally.
Some outcomes and deliverables of the fellowship were predictable (for ex-
ample, a website devoted to the fellowship, http://www.iolinscience.com.au/. 
Others were less predictable, but no less welcome. As an example, the author 
received a communication from Peter Coolbear, director of New Zealand’s Na-
tional Centre for Tertiary Teaching Excellence, Ako Aotearoa:
Of considerable interest to us was that some of the attendees at Les’ 
workshop at the Victoria University of Wellington were not science 
teachers. Our staff member, Ian Rowe, who hosted the workshop at 
Victoria provided the following comment: “For me as the organiser, the 
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most revealing comment came from two tutors from Whitireia [Com-
munity Polytechnic] who taught on a social work degree. . . . They were 
certain the method could be used in their non-science subject and they 
were excited to plan how they would alter some parts of their work to 
include inquiry methods.” 
—Dr. Peter Coolbear, February 2013
fInal refleCTIons
National teaching fellowships, supported by the OLT and its antecedents, began 
in 2006. To date, there are in excess of 80 scholars from 29 institutions that 
have undertaken a fellowship program spanning the whole range of disciplines 
offered by Australian universities. Many of the scholars are drawn from disci-
plines such as science and engineering, and are not education research special-
ists. As such, they bring an amount of “street credibility” when they embark 
on a fellowship. This is advantageous when the goal is to promote change or 
exert influence in higher education, especially with academics who work di-
rectly with students. This, coupled with the fact that many fellows occupy (or 
move into as a result of the fellowship) senior positions within their institutions 
and are well respected by their professions, means they are able to promote and 
grow communities that have the critical mass to effectively stimulate change at 
institutional and national levels. 
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Case studies—Projects at the Course 
and department level
Colleges and universities are often heterogeneous collections of departments, 
schools, or other units—each with a distinct culture. This variability even 
within institutions makes large-scale transformation exceedingly challenging. 
Innovation begins often at the course, department, or school level and spreads. 
The collection of chapters in this section provides case studies for a range of 
course or curricular innovations. The first three papers describe innovations in 
engineering education. While all have a similar goal—more broadly educate en-
gineers to possess both the technical knowledge and the problem-solving skills 
necessary for addressing 21st century challenges—the approaches are quite dif-
ferent. The Vertically Integrated Project model, described by Coyle, builds ver-
tically and horizontally articulated teams. This model, which connects teaching 
and learning directly to faculty research, started as a course in a single depart-
ment and has been adopted by several other universities. The iFoundry model, 
described in the chapter by Sheets, is envisioned as a cross-disciplinary cur-
riculum incubator for testing new courses and programs across an engineer-
ing college at a large research university. The third engineering transformation 
chronicles the creation of a new multi and interdisciplinary engineering pro-
gram that combines a liberal education with technical knowledge. In contrast to 
the blank slate approach chronicled by Challah, the PPI program (Mili) presents 
a purposefully disruptive model for radically changing an entire existing college 
of technology. The Squires chapter describes a mature five-year redesign of a 
mathematics department built on faculty teamwork and data-driven decision 
making for continuous improvement. Finally, Smith’s chapter communicates 





The Vertically Integrated Projects (VIP) Program: 
Leveraging Faculty Research Interests to Transform 
Undergraduate STEM Education
Edward J. Coyle, James V. Krogmeier, Randal T. Abler,  
Amos Johnson, Stephen Marshall, and Brian E. Gilchrist
Modern universities, especially those classified as research-intensive institu-
tions, are highly fragmented:
•	 By Discipline—With the exception of a handful of faculty with joint 
appointments in two or more disciplines and a small percentage of 
students with dual majors, students and faculty are sorted by disci-
pline. There are few opportunities for students to interact in a mean-
ingful way with those in other disciplines. For faculty, there are few 
incentives or rewards to initiate multidisciplinary collaborations. 
•	 By Time—The semester or quarter and the academic year are the fun-
damental units of time on campuses. Within a semester, the funda-
mental unit is a credit hour that is associated with a fixed amount of 
time in a classroom or a laboratory.
•	 By Mission—Universities typically define their missions to be research, 
education, and service. Commercialization, economic development, 
and globalization are recent additions to this list. In very few cases are 
these missions integrated in a way that the boundary between them 
is not obvious. In fact, most faculty partition each day between their 
research activities and assigned lecturing in undergraduate or gradu-
ate classes. 
Efforts to transform higher education must account for this fragmentation. 
If they do not, any success they achieve will likely be temporary or affect only a 
small number of students and faculty. 
In this paper we report on our effort, the Vertically Integrated Projects (VIP) 
Program (Coyle, Allebach, & Garton-Krueger, 2006), to address and potentially 
overcome fragmentation in higher education. The lessons learned when initi-
ating and growing VIP within several institutions have helped to improve the 
program as measured by the learning outcomes for students, research outcomes 
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for faculty, and new opportunities for partnering with other organizations. The 
key has been to leverage faculty interests in and Institutions’ reward structures 
for research, especially when research is defined in a discipline-independent 
way as innovation. VIP provides a mechanism that enables undergraduates to 
participate in and contribute to innovative efforts led by faculty and their grad-
uate students.
The vIP PrograM
Sustaining and accelerating the pace of innovation in society requires a contin-
uous stream of graduates in all disciplines who understand how the processes of 
research and technology advancement can be integrated to enable innovation. 
Current approaches to the education of undergraduates and graduate students 
are simply not up to this challenge:
•	 Undergraduates rarely achieve a deep understanding of, or have an 
opportunity to contribute to any aspect of, their chosen discipline. 
•	 Master’s students are typically not involved in either research or the 
development of new technology/techniques. 
•	 PhD students rarely see their innovative ideas/discoveries have an im-
pact beyond the publication of their theses, conference papers, and 
journal papers.
We have thus developed a new curricular approach that integrates educa-
tion and research: the Vertically Integrated Projects (VIP) Program. It creates 
and supports teams of faculty, graduate students, and undergraduate students 
that work together on long-term, large-scale projects. The teams are: multi-
disciplinary—drawing students from all disciplines on campus; vertically-
integrated—maintaining a mix of sophomores through PhD students each 
semester; large-scale—with 10 to 20 undergraduates per team; and long-term—
each undergraduate may participate in a VIP project for up to three years and 
projects may last for years, even decades. The continuity, technical depth, and 
disciplinary breadth of these teams provide:
•	 The time necessary for students to: learn and practice many differ-
ent professional skills; make substantial contributions to the project; 
experience many different roles on a large design/discovery team; and 
work effectively in a multidisciplinary environment.
•	 A compelling context: The research efforts of the faculty and gradu-
ate students ensures they are engaged because they benefit from the 
efforts of the undergraduates. It also enables the undergraduates to 
understand complex issues in their field of interest.
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•	 The mentoring necessary for students to learn about, contribute to, 
and lead the parts of the project on which they are focused. The men-
toring crosses all boundaries, enabling faculty, graduate students, and 
sophomores through seniors to collaborate successfully.
goals of The vIP PrograM
The goal of the VIP Program is to achieve systemic reform of higher education 
by: 
•	 Unifying the missions of research and education by enabling under-
graduate teams to work together with faculty and graduate students in 
a way that benefits everyone.
•	 Overcoming the fragmentation by discipline of the university 
through its focus on large-scale projects that are, almost by necessity, 
multidisciplinary.
•	 Eliminating the fragmentation of time in the standard curriculum by 
enabling projects that last for many years, even decades. 
CurrenT sTaTus of vIP aT georgIa TeCh
There are 300 undergraduates currently enrolled in 27 VIP teams at GT: http://
vip.gatech.edu/teams. The teams’ advisers are researchers from the following 
colleges and other organizations on campus: College of Architecture (CoA), 
College of Computing (CoC), College of Engineering (CoE), College of Science 
(CoS), Center for Education, Teaching and Learning (CETL), Georgia Tech Re-
search Institute (GTRI), and the Ivan Allen College (IAC). 
The primary task so far has been to establish how the VIP courses count 
toward undergraduate degrees in each discipline on campus. Once this is in 
place for all disciplines, the creation and maintenance of long-term, large-scale, 
multidisciplinary teams will be possible for almost any ambitious effort that can 
be envisioned. In the CoC and in ECE and ISyE within the CoE, mechanisms 
that enable VIP credits to “count” for students’ junior and senior design projects 
have been developed. For the current status of this long-term, multidisciplinary 
curricular effort, please see: http://vip.gatech.edu/how-vip-credits-count.
Mature VIP teams typically have 12 to 20 students/team, while new teams 
have six to eight students/team. Students from more than 20 different disci-
plines are represented on the current set of 27 VIP teams. These students are 
in some cases from disciplines that have not yet determined how VIP credits 
count other than as free electives; e.g., psychology and economics. 
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Faculty request to have teams of their own; they are not required to have 
VIP teams. To initiate a team, they must demonstrate that the proposed proj-
ect would be: challenging to undergraduates; last at least four years, preferably 
more; and have a broad enough goal that the project can evolve based on con-
tributions from everyone on the project, including the undergraduates. 
The evaluation of the VIP program is being led by Julia Melkers of Pub-
lic Policy. With NSF support and support from a GT Global-FIRE grant, she 
has been characterizing knowledge exchange amongst the students both within 
and between VIP teams. She has also been evaluating the learning outcomes 
for students who participate in the VIP Program [Melkers, et al, 2012]. These 
results build on earlier efforts to evaluate the effect of vertically integrated proj-
ect teams on students’ development of both disciplinary and professional skills 
(Coyle, Jamieson, & Oakes, 2005). Melkers has recently received IRB approval 
fIgure 1. The fall 2010 estadium vIP team. They design, develop, and deploy systems 
that enable studies of wireless network traffic during football games. fans in the stands 
go to: http://estadium.gatech.edu/iphone to access stats and on-demand video clips 
of plays for gT football games. students from Cee, eCe, Cs, and Isye participate in the 
team. They also design social network apps and wireless sensor networks.
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to use, after obtaining appropriate written permission from them, students’ 
grades within VIP and in the curriculum in general to determine the effect of 
VIP on student learning. This will enable the evaluation of VIP to progress well 
beyond the students’ self-reported data from surveys and interviews that are 
currently used. 
benefITs of vIP for sTudenTs 
The VIP Program provides many benefits to undergraduate students, graduate 
students and faculty. The most important of the benefits is the way it enables 
members of all of three groups to form a community in which they work to-
gether over an extended period of time on a project of common interest. This 
experience builds mutual respect, cultivates curiosity and creativity, enables 
meaningful collaborations on both a disciplinary and personal basis, and pro-
vides benefits to all participants in the project.
The benefits to the undergraduates who participate in VIP include, but are 
not limited to:
•	 The opportunity to apply what they are learning in their regular 
coursework to real, challenging problems that are of current interest 
in their field.
fIgure 2. a network showing the exchange of technical information within and 
between vIP teams for the fall 2011 semester at georgia Tech. students on the same 
team are grouped together and represented by a common shape (square, triangle, plus-
sign, etc.). The colors represent the disciplines of the students. The mostly disconnected 
subgraph in the lower left is a team with a hub-and-spoke advising model, with the 
adviser meeting and working one-on-one with each student. new teams tend to be 
smaller in size (4-8 students) than more mature teams (12+ students).
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•	 Learning to work with and eventually take a leadership role in a 
sophisticated team that is working on a challenging project.
•	 Development and regular honing of professional skills, including: 
oral and written communication ability, making presentations to 
a variety of audiences, collaborative brainstorming and problem 
solving, developing resilience in the face of failure, etc.
•	 Becoming a truly active/independent/life-long learner and a creative 
problem solver.
•	 Learning about cutting-edge issues in their discipline.
•	 Achieving significant depth of expertise in some aspect of their home 
discipline.
•	 Learning how to communicate and work productively with people 
from other disciplines and widely varying backgrounds.
•	 Learning how to “come up to speed” on and then contribute to a 
large-scale, intellectually ambitious project.
•	 Learning that challenging problems may have many possible 
solutions and even many approaches to defining them. 
•	 Experiencing the great satisfaction of solving a challenging problem, 
designing a complex system and seeing it work as intended, or 
discovering a new way of looking at an issue or problem.
•	 Learning to be a creative, resourceful, self-motivated, and responsible 
member of a team.
•	 Learning to adapt as situations change and to recover/restart after 
setbacks.
Many students have already reported that when they interview for jobs after 
participating in VIP, that their experiences and accomplishments on their VIP 
team quickly become the focus of the interview. A number of innovations pro-
duced by VIP students have been patented/copyrighted and licensed. We also 
believe that it is only a matter of time before there are a number of successful 
commercialization efforts based on VIP projects.
benefITs of vIP To The unIversITy
The benefits of VIP to students and faculty are measurable, as are benefits to the 
university. We believe that there are additional benefits to universities, although 
they are perhaps harder to measure:
•	 Provides students with a compelling reason to be on campus, even in 
an age of MOOCs and other distance education approaches.
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•	 Enhances innovation on campus by enabling everyone to participate. 
•	 Enables projects of large scope and duration to be attempted.
•	 Enables new partnerships with organizations both on and off campus.
•	 Opens up and deepens multidisciplinary opportunities across campus.
•	 Deepens and broadens the university community by providing an 
environment in which faculty, graduate students, and undergraduate 
students can get to know each other very well.
CharaCTerIsTICs of fIve vIP PrograMs 
In this section, we describe five VIP Programs—those at Georgia Tech, More-
house College, Purdue University, University of Michigan, and the University 
of Strathclyde—in terms of origin and type of implementation strategy; number 
of disciplines involved; type of institution; implementation in the curriculum; 
resources and support available; growth of the program; grading/assessment 
strategy and tools; relationship with other discovery and design programs; 
software tools for program administration; and number of students and fac-
ulty involved. In some cases, fewer than five programs will be described, as 
appropriate.
origins, Institutions, and numbers of disciplines,  
faculty and students Involved
The VIP Program was launched at Purdue University in 2001 with the creation 
of the first VIP team, the eStadium team. VIP was designed to improve upon 
its predecessor, the Engineering Projects in Community Service (EPICS) Pro-
gram (Coyle, Jamieson, & Oakes, 2005). Both of these programs at Purdue used 
large-scale, long-term teams composed of undergraduates that could register 
for credit for up to three years. The difference between them was the context of 
the projects. In EPICS, the teams designed, developed and deployed products 
and systems for non-profit organizations in the local community. In VIP, the 
teams design, develop and deploy products and systems that assist faculty and 
their graduate students with their research. The hypothesis was that more fac-
ulty would be willing to advise teams for many years if doing so would benefit 
their research activity, for which they are regularly rewarded.
The choice of VIP as the name of the new program focused on the mecha-
nism that enabled the teams to function well, as opposed to the discipline(s) on 
which the program was focused, which was engineering in the case of EPICS. 
The result is that VIP has spread to many disciplines besides engineering, in-
cluding architecture, business, computing, the humanities, public policy, and 
science.
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At Purdue, VIP grew primarily within Electrical and Computer Engineer-
ing, but has also spread to other disciplines over time, including Aeronautics 
and Astronautics, Human Development and Family Studies, and Earth, Atmo-
spheric and Planetary Sciences. There are currently 14 VIP teams at Purdue.
VIP spread to Georgia Tech in 2009 and was founded with the intent of being 
a campus-wide program and on developing processes and tools that would en-
able it to grow to support many teams. There are currently 300 undergraduates 
enrolled in 27 VIP teams. The teams’ advisers and students involved come from 
four colleges—Architecture, Computing, Engineering, and Science—and such 
organizations as the Georgia Tech Research Institute; the Center for Education, 
Teaching, and Learning; and the Centers for Disease Control. 
In 2010, a VIP team was created at Morehouse College. The team collabo-
rated with the eStadium VIP team at Georgia Tech. This enabled a research 
focus and access to a large stadium that were not available at Morehouse. The 
team functioned for three semesters. Efforts are underway to develop an effec-
tive way for VIP to function at Morehouse, where faculty teaching loads are 
higher than at R-I universities like Georgia Tech.
In 2011, VIP was implemented at the University of Strathclyde in Glasgow, 
Scotland. It started in many different disciplines simultaneously, including Biol-
ogy, Computing, Engineering, English, and Management. There are currently 
10 VIP teams at Strathclyde.
Other universities have started VIP-like programs, including projects 
within the University of Michigan’s Multidisciplinary Design Program (Daly, 
Bell, Gilchrist, Hohner, & Paul Holloway, 2011) http://mdp.engin.umich.edu 
and Texas A&M’s AggiE-Challenge, which currently fields 13 teams: 
http://engineering.tamu.edu/easa/areas/enrichment/aggie-challenge 
Implementation in the Curriculum
It is critical that curricular implementation of VIP provide incentives for stu-
dents to participate for at least two years. The School of Electrical and Computer 
Engineering at Georgia Tech approved guidelines for VIP credits, described 
below, that provide an example of how VIP can be integrated into senior de-
sign. To encourage long-term student participation, VIP credits cannot be used 
as ECE electives unless students take six or more credits of VIP, as per the fol-
lowing guidelines.
NOTE: There is a six-credit limit on the following types of courses: Inde-
pendent Research, Special Problems and VIP. Students can take all three types 
of courses, but only six credits can be applied toward the degree. Students 
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interested in doing more than six credits of VIP should consider using VIP for 
Senior Design, which allows for an additional semester of VIP participation 
through the Senior Design course. To do this, students must follow a specific 
timeline.
For students not using VIP projects for Senior Design:
 If five or fewer VIP credits are earned:
  Five credits can be used as approved electives.
   During the junior year (or after ECE 2031), VIP can be used to fulfill 
the ECE 3006 Professional Communications requirement.
 If six VIP credits are earned with the same team:
  Three credits can be used as ECE electives.
  Three credits can be used as approved electives.
   During the junior year (or after ECE 2031), VIP can be used to fulfill 
the ECE 3006 Professional Communications requirement.
For students using VIP for Senior Design, at least five VIP credits 
will be earned with the same team prior to Senior Design  
(per the required timeline):
  Three credits can be used as ECE electives.
  Two to three credits can be used as approved electives.
   During the junior year (or after ECE 2031), VIP can be used to fulfill 
the ECE 3006 Professional Communications requirement. 
   Three Senior Design Credits: The student will register for the VIP 
section of Senior Design, with the technical portion of the students’ 
design experience completed as a member of the student’s VIP team. 
An explicit timeline for this process is available at: 
  http://www.vip.gatech.edu/how-credits-count-electrical-computer 
-engineering 
resources and support
Resources available for VIP programs depend upon the size and age of the pro-
gram. The most common element in a VIP Program is a research-active faculty 
member who serves as the director and is also the adviser for a team. Once a 
program has at least 10 to 12 teams, a program manager is necessary to assist 
with operations. With the addition of software tools for processing permits to 
participate in the program, for grading and peer evaluations, and the unique IT 
needs of the program, it can expand significantly. We believe at this time that 
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with these resources, a VIP Program that fields hundreds of teams with thou-
sands of students is feasible. 
One unique resource available to the Georgia Tech VIP Program is a co-di-
rector for technology, Randal Abler, who in addition to other tasks, defines and 
develops technology solutions to assist with both program and team operations.
Tools for Program administration and growth
Tools that have been developed to enable both scaling and evaluation of student 
outcomes include:
•	 On-line team advertising combined with a process for students to 
apply to join a team of their choice.
•	 Course-permit administration tools to assign students to teams.
•	 Grading and peer evaluation tools and a database used by all advisers/
teams. IRB approval has been obtained to enable program evaluators 
to access grades in these databases.
The vIP ConsorTIuM
Sixteen universities have recently created the VIP Consortium. It consists of 
schools that have or plan to adopt the VIP model and have committed to collab-
orate to improve and expand it. Schools in the U.S. that have already fielded VIP 
teams are Georgia Tech, Purdue University, and Morehouse College. Please see 
the website of the Purdue VIP Program: https://engineering.purdue.edu/vip. 
Schools in the U.S. that have programs very similar to VIP include the Univer-
sity of Michigan and Texas A&M University. Internationally, the University of 
Strathclyde and National Ilan University in Taiwan have created VIP Programs.
The universities that have formed the VIP Consortium are: Boise State Uni-
versity, Colorado State University, Florida International University, Georgia 
Tech, Howard University, Morehouse College, National Ilan University, Purdue 
University, Rice University, Texas A&M, University of Hawaii—Manoa, Uni-
versity of Michigan, University of Strathclyde, University of Washington, and 
Virginia Commonwealth University. The rapid dissemination of the VIP model 
to other universities is confirmation of the compelling nature of the educational 
and research benefits of the program. It is also a unique opportunity to achieve 
systemic reform on a national scale.
The University of Strathclyde in Glasgow, Scotland has an active VIP Pro-
gram, currently fielding 10 VIP teams: http://www.strath.ac.uk/viprojects. They 
were the first non-U.S. university to participate in the consortium. Their experi-
ences and challenges in creating and sustaining VIP have been quite different 
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than those of U.S. institutions. Their insights have already been of significant 
value to the consortium’s effort.
The creation of the VIP Consortium is being supported by a $5M grant 
from the Leona M. and Harry B. Helmsley Charitable Trust. The grant, which 
started Jan 1, 2015, supports U.S. institutions’ participation in consortium-wide 
efforts to develop and share ideas, processes and software tools that enhance the 
operation, growth and evaluation of all VIP Programs. Georgia Tech is the lead 
institution of the consortium, and the University of Michigan is the co-lead.
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Transformative Initiatives:  
How iFoundry Reimagines STEM Education  
for the 21st Century
Diana E. Sheets 
The foundaTIonal begInnIngs of Ifoundry
The origins of iFoundry can be traced back to “The Engineer of 2020 Project,” 
which forecast the needs of civilization, as well as the education, training, and 
perspective necessary for the next generation of engineers to succeed. The first 
phase of the project, The Engineer of 2020: Visions of Engineering in the New 
Century, published by the National Academy of Engineering (NAE), set forth 
“a vision for engineering” and the scope of work to be done (2004, p. xi). The 
second phase, Educating the Engineer of 2020: Adapting Engineering Education 
to the New Century, examined how “to enrich the education of engineers who 
will practice in 2020” (2005, p. xii).
As the project noted, the frontiers of science are on the cusp of life-altering 
advances in “nanotechnology, logistics, biotechnology, and high-performance 
computing” (The Engineer of 2020, 2004, p. 1). Meanwhile, technological ad-
vancements in developing nations present both opportunities and challenges.
These circumstances warrant initiatives to fostering transformative innova-
tion. Here in the College of Engineering at the University of Illinois, we seek to 
address these issues in an effort to anticipate the educational needs of the next 
generation of technological leaders to invent “the new new thing” (Lewis, 1999). 
iFoundry was born in the summer of 2007. It was co-founded by Andreas 
Cangellaris and David Goldberg, faculty in the College of Engineering.1 It was 
conceived as a “cross-disciplinary curriculum incubator” (“Who We Are”, n.d.). 
Initially called the Illinois Foundry for Tech Vision and Leadership, it was soon 
renamed the Illinois Foundry for Innovation in Engineering Education with 
the notable tagline “Transforming Engineering Education for the 21st Century” 
(iFoundry website, 2012).
1. Cangellaris was promoted to department head of the Electrical and Computer Engineering 
Department at the University of Illinois in 2008 before becoming dean of the College of Engi-
neering in 2013. Goldberg is the Jerry S. Dobrovolny Professor Emeritus in Entrepreneurial 
Engineering.
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Because of concerns that traditional engineering and associated computer 
science curricula that dated back to the cold war might be ill-equipped for the 
“radical changes in transportation, communication, and computer technology” 
that rendered today’s society “a very different world”, Cangellaris and Goldberg 
wrote a white paper (“Whitepaper for an Illinois Foundry for Tech Vision and 
Leadership”, 2007). Their report highlighted some of the driving influences 
prompting the creation of iFoundry: enhancing engineering diversity, empha-
sizing excellence and analytical insight, strengthening the curriculum to nur-
ture creativity while promoting professionalism and leadership acumen critical 
for success in the “civic arena”—what in an earlier era C. P. Snow would have 
referred to as the “corridors of power” (Snow, 1964).
If the United States is to continue its leadership in technological inno-
vation and the creation, regulation and management of new technolo-
gies and new markets, its engineering force needs to be rejuvenated by 
a more diverse talent pool, where excellence in scientific education and 
analytical skills is complemented by a broader curriculum that inspires 
creativity and innovation and includes training in the professionalism 
and leadership traits needed for successful participation in the civic 
arena. (“Whitepaper”, 2007)
What capabilities does The Engineer of 2020 suggest that engineers should 
possess? They should not be circumscribed by disciplinary boundaries. Engi-
neers should embrace “creativity, invention, and cross-disciplinary fertilization 
to create and accommodate new fields of endeavor” including the “nonengi-
neering disciplines” (2004, p. 50). They should be responsive to global trends. 
Their education should equip them with the skills and know-how “to address 
the technology and societal challenges and opportunities of the future” (2004, 
p. 51). The engineering curriculum needs to be responsive “to the disparate 
learning styles” characteristic of our increasingly diverse student populations 
(2004, p. 52).
The training and attributes of engineers will determine their success. If they 
aspire to leadership and management positions, they need analytical capabili-
ties, as well as ingenuity and creativity. They must communicate and possess 
business and management acumen (The Engineer of 2020, 2004). Their educa-
tion should include “interdisciplinary learning” and “case studies of engineer-
ing successes and failures” (Educating the Engineer of 2020, 2005 pp. 2–3). 
iFoundry was conceived as a pilot program, an educational enrichment 
environment where new courses and programs could be tested and evaluated 
before introducing them into departments within the College of Engineering. 
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Modeling its mandate from “The Engineer of 2020 Project”, iFoundry fosters 
courses and programs that nurture “a variety of cross-cutting skills and dis-
ciplines: communications; leadership; teamwork; arts & design cross-fertiliza-
tion; better utilization of humanities and social science hours; more general 
understanding of the societal and human contexts of engineering and technol-
ogy” (“Whitepaper”, 2007). 
PrograMs IMPleMenTed by Ifoundry
iFoundry began its spiritual awakening at the “Workshop on the Engineer of 
the Future” held at the University of Illinois in September of 2007 (Goldberg, 
Cangellaris, Loui, Price, Litchfield, 2008b). Keynote speakers were William 
Wulf, retiring president of the NAE, and Sherra Kerns, founding vice president 
for innovation and research at Franklin W. Olin College of Engineering (Gold-
berg, Cangellaris, Loui, Price, & Litchfield, 2008a).
During the 2007–2008 academic year, a team of faculty and students at 
iFoundry reviewed the undergraduate programs and courses internally in the 
College of Engineering and with respect to other programs offered throughout 
the country. The first incubator course, ENG 498, was introduced in Spring 
2008. Its objective was investigating innovation initiatives in America’s engi-
neering programs (“History of iFoundry”, n.d.).
iFoundry was formally integrated into the undergraduate program of the 
College of Engineering in August that year. The following month iFoundry 
formed a partnership with the Olin College. This led three years later to a for-
mal Olin-Illinois Exchange program where students can spend up to two se-
mesters in residence. The program enables Illinois engineering undergraduates 
to develop entrepreneurial design concepts at Olin in “a practical engineer-
ing environment where students attempt to solve real engineering problems” 
in an entrepreneurial setting with approximately 400 like-minded students 
(Lamb, n.d.).
In the fall of 2009, 75 entering students in the College of Engineering joined 
iFoundry. They participated in iLaunch, a pilot program to familiarize them 
with the opportunities available and jumpstart their first-year experience. 
iLaunch, held at a university retreat center known as Allerton Park, encouraged 
students to take the initiative. They connected, worked on projects, and took 
David Goldberg’s workshop ENG 198, “The Missing Basics: What Engineers 
Don’t Learn & Why They Need to Learn It” (Goldberg video, 2008). The work-
shop fostered the “critical and creative thinking skills of engineering” with the 
express purpose of creating “a whole new engineer” (Goldberg and Somerville, 
2014, p. 52). 
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“The Missing Basics” exposed students to critical thinking and creative so-
lutions. They learned the seven essentials to every successfully executed project: 
(1) Ask the right questions, (2) Label and categorize, (3) Model the problem, (4) 
Break down a project to its manageable parts, (5) Collect data and analyze it, (6) 
Visualize solutions, and (7) Communicate outcomes (Goldberg video, 2008).
iLaunch was a success. It was subsequently renamed the Illinois Engineer-
ing First-Year Experience (IEFX). The following year 300 iFoundry students 
participated. By 2011 the pilot program was rolled out to all 1,500 entering 
first-year students in the College of Engineering (“Introduction to: iFoundry 
and IEFX”, 2013).
Today, IEFX is administrated through the College of Engineering Un-
dergraduate Programs Office. Corporate involvement with entering students 
is nurtured through the IEFX NETWORK. Freshmen are offered one-credit 
“mini” elective courses to showcase their opportunities. IEFX collaborates with 
the NAE to feature “Grand Challenges” to encourage students to collaborate 
and design instructional approaches to solving important global issues (“IEFX 
electives”, n.d.). 
The iFoundry offerings continued. In 2009, Olin College and the Univer-
sity of Illinois jointly sponsored a conference, “The Engineer of the Future 2.0”. 
Woodie Flowers, an MIT professor, gave the keynote address. He discussed stu-
dent research suggesting that recent graduates in mechanical engineering at 
MIT felt that “soft skills” were more critical to their professional development 
than many of their required courses. This confirmed the findings of a recent 
NAE report in which soft skills were characterized as “teamwork, leadership, 
creativity and design, entrepreneurial thinking, ethical reasoning, and global 
contextual awareness” (Miller, 2010).
That conference was followed in November of 2010 with “The Engineer 
of the Future 3.0” held at the University of Illinois. Daniel H. Pink, the cel-
ebrated management and motivational expert, was the keynote speaker (“iF-
oundry Encourages Creativity in Education”, 2010). Some 300 students, faculty, 
and educators attended the meeting, which emphasized the creative potential of 
“student-centered learning” (“History of iFoundry”, n.d.).
Three years later “The Engineer of the Future 4.0” Conference was held. The 
focus was “Community and how it matters in engineering education”. In each 
of the four conferences the focus was “to probe radical new ways to transform 
the student experience in engineering education” (“Engineer of the Future 4.0 
Conference”, n.d.). 
By Fall 2011, iFoundry was empowered. IEFX had been introduced to all 
first-year students in the College of Engineering. Several new courses were 
rolled out including “Aspirations to Leadership” and “Interdisciplinary Senior 
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Design.” The following year Intrinsic Motivation (IM) Course Conversion was 
unveiled, which fosters student self-taught mastery of selective courses in the 
core curriculum.
In November of 2013, an Innovation Certificate was initiated in conjunc-
tion with the iFoundry Technology Entrepreneur Center (TEC). The admission 
process for this program is partially based on a creative essay and an interview. 
Enrollment is limited to 25 students who apply during their first year in what 
amounts to a three-year program with potentially 75 students in all. The focus: 
“entrepreneurship, innovative product design, and transformative technical 
products and services” in order to create “breakthrough new products” (“In-
novation Certificate”, n.d.). Specially designed courses—12 credits in all—are 
featured, as well as coaching and support. Students learn how to understand 
customer problems, create solutions, meet timetables for deliverables, and work 
in real-world situations with entrepreneurially-driven companies. 
In the Campus Honors Program, which accepts less than one percent of all 
undergraduates, engineers account for approximately one third of its students. 
In addition, the College of Engineering offers other qualified students an op-
portunity to enroll in the James Scholar Honors Program. iFoundry introduced 
the James Scholar Quest in 2013. It customizes the James Scholar Honors pro-
gram to specific engineering departments (“James Scholar Quest”, n.d.).
At some point the list of associated programs and opportunities in iFoundry 
become almost too numerous to mention. Nevertheless, CUBE Consulting, a 
Junior Enterprise organization, merits attention. It is a student-initiated engi-
neering consulting group pioneered in 2013. It offers engineering and business 
undergraduates the opportunity to work on project teams for businesses, in-
cluding startups, nonprofits, and research organizations.
It is these kinds of programs and initiatives within iFoundry that offer the 
students within the College of Engineering the possibility to obtain not only 
one of the best technical educations imaginable, but also to maximize personal 
opportunities for enrichment.
“heroIC sysTeMs” bloCkbusTer Course CreaTed by Ifoundry 
In many respects, the Blockbuster Course2 “Heroic Systems: Pushing the 
Boundaries of Greatness, Past, Present and Future” (ENG 298), introduced 
in Fall 2014, encapsulates the mission of iFoundry. It is a cross-disciplinary 
2. The concept of Blockbuster courses is “multidimensional”, a general education class ap-
proaching a theme from several disciplines including the “humanities, social science, and sci-
ence to address real-world problems” (http://cee.illinois.edu/node/2967).
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offering taught by faculty in the College of Engineering, the humanities, and 
business. The opening lecture, with its overarching perspective, is given by An-
dreas Cangellaris, dean of the College of Engineering.
“Heroic Systems” represents a new type of undergraduate course, one that 
consciously reinvents STEM education as a transformative initiative for the 
21st century. Its purpose is to reimagine the engineering experience so that our 
graduates become the movers and shakers of strategic global policy, the very es-
sence of “a whole new engineer”, rather than narrow technical experts typically 
relegated to the backroom.
The faculty consisted of a culturally diverse group of scientists and human-
ists. They discussed a variety of “heroic systems” from Roman antiquity to the 
creation of the Midwest, to the rejection of a craft society in favor of an en-
gineered outcome. The course examined the telecommunications, the electric 
grid, the space program, business analytics and its intersection with sports, and 
current developments in bioengineering and biomedicine, as well as the pos-
sibilities for heroic systems in developing marketplaces. The outcome: Students 
were exposed to big ideas, strategic thinkers, and creative intersections link-
ing the science and the humanities. Recent results of a survey questionnaire 
indicate the course’s strategic value (“ENG 298 Heroic Systems Survey Results”, 
2015).
The Ifoundry TeaM: The fInanCIal and adMInIsTraTe 
Challenges To IMPleMenTIng The PrograM, 
PasT, PresenT, and fuTure 
The iFoundry team is small and dynamic. The dean of the College of Engi-
neering, Andreas Cangellaris, remains involved, as does David Goldberg. Ray 
Price, who along with Goldberg serves as co-director, keeps a watchful eye on 
iFoundry’s operations. Price, who works on creativity and innovation, collabo-
rated with Abbie Griffin and Bruce Vojak in a study on how “tech visionaries” 
sustain their innovation in mature firms (Serial Innovators, 2012). Goldberg’s 
book, A Whole New Engineer, examines the creative impetus at iFoundry and 
Olin (2014).
Karen Hyman serves as associate director. Bruce Litchfield, an assistant 
dean in the College of Engineering, is an iFoundry Fellow, as are approximately 
twenty other academics who participate. Geoffrey Herman, a visiting assistant 
professor, is engaged in programs related to engineering curriculum reform in-
cluding the Intrinsic Motivation Course Conversion.
The administrative mandate for iFoundry is simple. Keep costs minimal. 
iFoundry funding is about $250,000 annually. It has been maintained through 
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the College of Engineering with support from corporations and foundations. 
Some of these generous sponsors have included the following: Advanced Micro 
Devices (AMD), Autodesk, The Boeing Company, Hewlett-Packard Company 
(HP), International Business Machines Corporation (IBM), National Collegiate 
Inventors and Innovators Alliance (NCIIA), Procter and Gamble Company 
(P&G), Shell Oil Company, and the Severns Family Foundation (R. Price, per-
sonal communication, February 10, 2015).
Administrative appointments have been mostly part-time, as in the case of 
David Goldberg and Karen Hyman. Ray Price’s position is largely supported 
through his academic appointment as the William H. Severns Chair of Human 
Behavior. One full-time administrative staff position was created in 2009. iF-
oundry Fellows are selected based on their expertise, interest, and support for 
the iFoundry mission. Their compensation is minimal (R. Price, personal com-
munication, February 10, 2015).
Much of the financial support for the programs developed within iFoundry 
is borne by the academic units, whether TEC or specific departments, or even 
by the College of Engineering, where these innovative courses, when successful, 
become embedded into a reinvigorated curriculum.
Thus, in the case of the Innovation Certificate, iFoundry coordinates efforts 
with TEC, which sponsors most entrepreneurial courses in the college. One 
creative outcome is that engineering students not enrolled in the Innovation 
Certificate program can, nevertheless, take many of these course offerings and 
pursue entrepreneurial opportunities independently through TEC. 
The same principle applies to the educational opportunities at Olin. Stu-
dents from the College of Engineering at the University of Illinois can study 
for one or two semesters there and have the opportunity of working closely 
with Olin’s faculty and students in an interdisciplinary “hands-on” environment 
where student ideas are formalized into conceptual designs for potential imple-
mentation into the marketplace. These exchange opportunities are reciprocal, 
allowing Olin students to participate in programs offered by the College of En-
gineering at the University of Illinois. 
The benefit for students in our College of Engineering at the University 
of Illinois is that they obtain “the Olin effect” without the university having to 
“change the whole curriculum” or “build new buildings” or “remake the class-
rooms” or “overhaul the teaching or teachers” (“Introduction to: iFoundry and 
IEFX”, 2013). Thus, academic excellence is maintained while students have the 
opportunity and entrepreneurial freedom to participate in Olin College’s path-
breaking design and development environment. 
The largest cost associated with the iFoundry initiatives thus far was the de-
velopment of IEFX. The first year 75 students participated and the budget was 
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$120,000. When 300 students participated, $275,000 was allocated. When IEFX 
had 1,500 students participating, the budget was $500,000. Since 2012 IEFX has 
been incorporated into the College of Engineering where the costs are directly 
born by the college (R. Price, personal communication, February 10, 2015).
What has made the iFoundry experience work is its pilot stature as a curric-
ulum incubator. It is small and nimble. It can be responsive to student interests 
and needs. Their voices can be heard and acted upon. Programs and courses 
and be tried without great expense or protracted discussion about the long-
term implications for the curriculum. If successful, they can become part of 
the curriculum. iFoundry provides an intimate environment where individual 
student needs can be addressed. The experimental and innovative nature of the 
iFoundry incubator nurtures the development of “a whole new engineer”, one 
uniquely equipped with the skills and outlook to address the “grand challenges” 
of the 21st century.
ConClusIon: The IMPaCT of Ifoundry
What makes the iFoundry experience so transformative? Upon arrival to the 
College of Engineering, students are immersed into IEFX. Along the way they 
weigh the entrepreneurial potential of the iFoundry Innovation Certificate or 
the entrepreneurial TEC programs or the Olin experience. They pursue in-
ternships, personalized courses of study, consulting opportunities, and work 
with faculty advisors on research or design projects. They consider overseas 
opportunities. They take courses recommended or developed, as in the case of 
“Heroic Systems”, through iFoundry. All told, the sum of these experiences—
some with the college, some with the departments, some with TEC, and some 
specifically created in the iFoundry incubator—is transformative. The outcome 
dramatically reshapes the perception students have of what it means to be an 
engineer in the 21st century and empowers them to invent the future.
Consult the iFoundry website for more information,  
(http://ifoundry.illinois.edu/).
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Current Directions in Modern Undergraduate 
Engineering Education
Anas Chalah, David Hwang and Fawwaz Habbal
engIneerIng In a lIberal arTs ConTexT
The School of Engineering and Applied Sciences (SEAS) is one of 12 schools at 
Harvard University. It offers to Harvard College students a full undergraduate 
curriculum, as well as Master’s and PhD programs. Established in 2007, SEAS 
is the newest school in America’s oldest university, and is transforming under-
graduate engineering education. The school has no departments; most research 
is interdisciplinary, and the curriculum includes significant cross-disciplinary 
and system-level courses. 
SEAS is embedded in a liberal arts school. Harvard undergraduates are first 
admitted to Harvard College. Unlike some programs in engineering and ap-
plied sciences, students choose a major (“concentration” in Harvard parlance) 
midway through their sophomore year. Some choose more than one area. In 
addition to a technical area, such as mechanical engineering or applied math, 
they are simultaneously immersed in a liberal arts environment. This mixing 
provides students a foundation for understanding the societal context for their 
technical problem solving. 
In addition to SEAS’ mission to educate engineers and applied scientists, 
SEAS aims to provide some level of technology understanding to all Harvard 
College students, by providing introductory courses that emphasize active 
learning.
An understanding of rapidly changing technology is essential for devising 
solutions to the world’s most wicked problems. The SEAS curriculum is de-
signed to educate students so they can respond to these societal challenges. 
Engineering has become essential core knowledge for every broadly educated 
person and an indispensable background for leaders. In addition, critical think-
ing skills, derived from broad exposure to the arts, humanities, and social sci-
ences, provide students with tools to find the root cause of a problem before 
employing technology to solve it.
The SEAS strategy is to create the “21st century engineer” by educating stu-
dents who excel in engineering and applied sciences, but who also have a broad 
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knowledge of other disciplines. These “T-shaped” individuals1—possessing 
depth in one engineering discipline and educated broadly in other liberal arts 
disciplines—will be capable of collaborating seamlessly across multiple fields 
that are required to solve complex problems. Engineering with its mathemati-
cal language can impose challenges to many students. Thus to create this 21st 
century engineer, SEAS is finding new ways to engage students, deliver con-
tent, collaborate across the university, and connect classroom experiences to 
the wider world. 
By investing in innovative new instruction techniques and making engi-
neering more accessible to all students, enrollment in engineering and applied 
sciences courses has increased steadily since the establishment of the school 
in 2007, and the number of concentrators has also increased significantly (see 
Figure 1).
fIgure 1. steady growth in the number of college concentrators enrolled in 
engineering and applied sciences
1. This term is used to indicate students who have a broad background, yet possess deep knowl-
edge in a discipline. See for example: Tranquillo, (2013).
 CUrrEnT DIrECTIonS In MoDErn UnDErGrADUATE EnGInEErInG EDUCATIon 247
eduCaTIonal MIssIon—aCTIve learnIng and desIgn
The undergraduate curriculum at SEAS is organized around the premise that 
engineering and the applied sciences are both multi- and inter-disciplinary. This 
philosophy leads to a curriculum with a balance of theory and critical thinking 
skills, as well as deeply integrated hands-on design projects that provide active 
learning opportunities throughout the curriculum. By emphasizing the skills 
of solving problems through applying iterative feedback to a creative idea, the 
SEAS curriculum provides every student an understanding of the design pro-
cess and the tools needed to solve complex problems. 
Harvard is among only a few programs in the U.S. to offer both a Bach-
elor of Arts (A.B.) degree and an ABET2-accredited Bachelor of Science (S.B.) 
degree in Engineering Sciences. The A.B. degree requires a minimum of 14 to 
16 courses. This degree provides solid preparation for the practice of engineer-
ing and for graduate study in engineering, and also is an excellent preparation 
for careers in other professions (business, law, medicine, etc.). The S.B. degree 
program requires a minimum of 20 courses, and the level of technical concen-
tration is comparable to engineering programs at other major universities and 
technical institutions. In addition to the flexible Engineering Sciences A.B. and 
S.B. degrees, SEAS offers a rigorous S.B. degree in Electrical Engineering and 
Mechanical Engineering, and an A.B. degree in Biomedical Engineering. It also 
offers A.B. degrees in Applied Mathematics and Computer Science. The cur-
riculum has a multitude of project-based design courses that teach engineering 
principles in a multi-disciplinary context. 
The emphasis on design thinking, experiential learning, as well as peer-to-
peer learning (Mazur, 2013; Bruff, 2009) has permeated across most courses. 
These elements are integrated within the curriculum and supported by teaching 
staff and appropriate infrastructure.
The role of the undergraduate Teaching laboratories
A multitude of state-of-the-art rapid prototyping, fabrication and testing re-
sources are placed in the SEAS Teaching Labs3. These labs are staffed by 
professionals with higher degrees in electrical engineering, environmental en-
gineering, bioengineering, chemical engineering and mechanical engineering. 
The mission of the Teaching Labs is to provide students with infrastructure and 
2. The S.B. program in Engineering Sciences is recognized by the national accreditation agency 
for engineering programs in the United States: “Engineering Accreditation Commission of the 
Accreditation Board for Engineering and Technology, Inc. (ABET).” 
3. Visit: http://www.seas.harvard.edu/teaching-labs
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hands-on learning experiences and tools for problem-solving across multiple 
disciplines. 
Faculty work closely with the Teaching Labs staff in designing experiments 
and activities appropriate for their courses and educational outcomes. The 
teaching staff is responsible for preparing the required infrastructure, whether 
it is hardware or simulations. Faculty are frequently present during active 
Teaching Lab periods and work closely with the teaching assistants and staff to 
ensure that students gain maximum educational benefit from the engagements.
The Teaching Labs are also the place where visiting students, from high 
schools, universities, and other countries work with SEAS students to conduct a 
variety of projects, some of which are open-ended research projects. These proj-
ects vary in depth and breadth, but they all require multidisciplinary problem 
solving skills. Examples include dealing with water and air pollution mitigation, 
generating green energy, designing medical devices, and developing different 
types of software.
Undergraduate students use the Teaching Labs for executing ideas they 
have, either as individuals or as part of groups and students clubs. In most cases, 
students have mentors from the Teaching Labs or faculty. A long list of student 
organizations at SEAS provide additional opportunities for SEAS concentrators 
as well as other Harvard College students to collaborate on real-world problem 
solving.
Students show their ideas and projects through an annual SEAS Design and 
Project Fair, organized by faculty, SEAS teaching staff, and other staff. The fair 
attracts SEAS concentrators as well as student projects from across Harvard 
College (for example4). The range of projects displayed every spring is incred-
ibly broad, with dozens of SEAS courses with project components represented. 
extra-Curricular Projects are a Complementary Part  
of a student’s education
Many SEAS engineering students choose to increase the depth and breadth of 
their technical knowledge by working on extracurricular design projects, either 
individually or in teams. The goal of these projects is often to implement or 
disseminate a solution to a problem in the real-world context, outside of the 
classroom. SEAS encourages students to come up with their ideas and projects 
that may have commercial value. Students’ inventions and related IP are owned 
by the inventing student(s). SEAS and its faculty do not share or participate in 
the ownership of such IP. 
4. http://www.seas.harvard.edu/news/2010/12/es-51-drives-home-principles-engineering 
-design
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Furthermore, SEAS offers small financial support for these extracurricu-
lar projects through the Nectar process5. Nectar is the official funding process 
at SEAS to support undergraduate co-curricular initiatives, defined as extra-
curricular initiatives with curricular (technical) content. Students or groups of 
students working on co-curricular projects are eligible to apply for a semester 
of funding or for longer-term funding. Grants for semester projects are typi-
cally $2,000 or less, while long-term projects are eligible for a higher funding 
amount. All students engaging in Nectar projects are required to work with 
a faculty advisor, and those that require physical prototyping space are often 
supported by the Teaching Labs. Posters from Nectar-sponsored projects are 
displayed at the end of each funding period.
“holIsTIC leaders” wITh sysTeMs ThInkIng,  
desIgn and InnovaTIon skIlls
As the world grows in complexity and societal problems shift to broad multidis-
ciplinary concerns, a new type of engineering leadership is needed. This leader-
ship requires not only deep technical expertise, but also the ability to examine 
issues broadly and work and communicate collaboratively. At Harvard SEAS, 
one of the critical areas of transformation has involved a shift to train such fu-
ture “holistic leaders”, who are skilled particularly in (1) systems thinking, (2) 
design capability, and (3) innovation.
One platform used at Harvard to foster the above skills is Engineering Sci-
ences 96 (ES 96), which is a junior-level core/required course for Bachelor of 
Science engineering students. Thirty years ago, two faculty members with EE 
and ME backgrounds established ES 96 as Engineering Problem Solving and De-
sign Projects. The goal was to train students to work on open-ended problem 
solving. This course evolved over the years, and incorporated complex, multi-
dimensional problems with a client who becomes the recipient and an evaluator 
of the project outcome. As the SEAS engineering program expanded, the course 
was revised to utilize the design thinking process, multi-disciplinary thinking, 
and computer simulations6. Normally, the class is composed of 10–15 students 
from all SEAS engineering disciplines (Bio, Electrical, Mechanical, Environ-
mental) who, for one semester, consider an open-ended problem, often pro-
vided by an outside “client.” Recent clients and areas of study have included 
5. http://www.seas.harvard.edu/nectar
6. Fred Abernathy, Victor Jones, Rob Howe, Kit Parker, David Mooney, Woody Yang, Fawwaz 
Habbal, Jim Anderson and Karena McKinney made significant contributions to ES 96 in recent 
years.
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using technology to combat gang-related violence with the Springfield, Mas-
sachusetts Police Department; addressing patient-doctor challenges in manag-
ing non-healing wounds in diabetic patients with the Harvard Medical Center; 
and improving environmental mitigation strategies for the Fukushima nuclear 
disaster. The course continues to train future holistic engineering leaders. Stu-
dents often cite this course as pivotal in their learning and career direction.
Importance of Posing an open-ended Problem in 
undergraduate education
In courses such as ES 96, students are posed with a large-scale, open-ended 
problem. Students are asked to determine collectively a specific area(s) that can 
result in an outcome that is significant and is feasible to address in a single se-
mester. Students are guided by faculty and provided principles of open-ended 
design, but they must determine the final plan of action themselves. They must 
consider the problem at hand, the varying skill sets and technical expertise of 
the team, and determine a course of action and project plan. Spending too little 
time scoping the problem may result in an ineffective solution; while spending 
too much time scoping would result in time pressures to complete a full study. 
Faculty encourage the development of milestones both internally and with 
the client, but students must manage the project from end to end to attain a 
successful outcome. This type of project requires a significant faculty-student 
interaction and often results in rewarding outcomes.
broad “systems” Thinking and Communication ability are  
required to be successful in Creating effective engineering systems  
and large-scale solutions
Students are encouraged to not only understand the technological issues at 
stake, but also the broad impacts to the environment, society, and the economy. 
They are trained to understand that technical solutions must also be imple-
mentable in order to have a lasting impact. Thus the questions that are posed to 
students probe technical knowledge, as well the broad thinking and ability to 
create an impact. 
For example, in today’s world, often the decision-makers for addressing 
large technological projects are not technical leads, but business leaders or 
policy makers. Therefore, students are trained to communicate their results 
to a non-technical audience. A surprise quiz where students must provide an 
“elevator pitch” to a simulated external party is often used for training. At the 
end of the course, students produce a final written, collective document, as well 
as provide an hour-long final presentation (where all students participate) to 
the client. 
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design Thinking Process is a good Tool for Problem solving 
Students are also taught the design cycle shown in Figure 2. In this design cycle, 
students are taught to first work with their client/stakeholders to empathize and 
define the problem at hand. They are then tasked to brainstorm and ideate, cre-
ate prototypes, and test the various prototypes. Due to the length of the semes-
ter, the number of design iterations are typically limited in number; although 
students are required to execute at least one complete iteration in a semester. 
fIgure 2. a simplified design flow with interactive team design exercises used to teach 
students to work within a team and with clients.
Innovation is Part of finding solutions
Students are encouraged to consider approaches to real-world problems using 
innovative thinking. Faculty, many of whom have entrepreneurial experi-
ences, train students to consider approaches that are transdisciplinary, applying 
knowledge from one domain or discipline into another. For example, a knowl-
edge of analytics for databases can be applied to crime patterns and tracking. 
Another example is a critical understanding of biological fluid flow applied to 
understand failure modes in environmental contamination. Since students in a 
course such as ES 96 come from multiple disciplines and have a range of back-
grounds and experiences, team-based innovation is fostered and encouraged. 
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After experimenting with the revised version of ES 96 for approximately three 
years (and assessing students based on detailed rubrics across multiple out-
comes), the course has become a pillar of the SEAS engineering curriculum. ES 
96 is one example of the changes and transformations that SEAS is developing 
to train engineers to be holistic leaders in the 21st century. 
lessons learned: how Change was broughT abouT 
and aPPlICabIlITy To oTher InsTITuTIons
This paper has discussed changes made to Harvard’s engineering programs in 
the last few years, with particular focus on active learning, design, and creating 
holistic leaders. The origin of this institutional change dates back to 2006, when 
the Harvard provost and dean of the Faculty of Arts and Sciences (FAS) called 
for the re-examination of the educational curriculum in all Harvard schools in 
an effort to promote interdisciplinary education and research. The provost cre-
ated a university-wide committee with regular progress reports by each school.
The dean of the School of Engineering and Applied Sciences (at that time, 
the Division of Engineering and Applied Sciences) convened a faculty group to 
assess the engineering research agenda and curricula in response to the provost 
and FAS dean’s initiative. The faculty concluded that while Harvard’s curricu-
lum was strong and broad in engineering sciences, newly hired faculty could 
create specialized courses in mechanical, electrical, and biomedical engineering 
that could lead to new degrees in these areas. 
Around this same time, in recognition of the critical importance of tech-
nology and engineering to the university, the president, the Harvard governing 
board, and the dean of Engineering and Applied Sciences led efforts to elevate 
the Division of Engineering and Applied Sciences to become a separate School 
of Engineering and Applied Sciences. The School of Engineering and Applied 
Sciences (SEAS) was thus established in 2007. The establishment of the school, 
combined with the provost’s initiative, as well as the faculty’s desire to establish 
new degrees, led the founding academic dean and his successor to re-evaluate 
the engineering curriculum. 
Faculty committees appointed by the SEAS dean initiated the discussion 
about new pedagogy in engineering education, continuing the work begun by 
the provost and the FAS dean’s initiative. The SEAS dean and faculty determined 
that a 21st century engineering curriculum should emphasize active learning, 
design, interdisciplinary education, and leadership in a societal context. The 
two deans invested resources to make this change happen, setting aside both 
space and funding needed to increase active learning content in courses. The 
recommendations of the committees, with strong backing of the dean, thus led 
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to the hiring of design faculty, establishment of modern Teaching Labs sup-
ported by high-caliber engineers and technicians, and a new era of support 
for innovation and entrepreneurship discussed in the previous sections of the 
paper. It also led to the establishment of new concentrations (i.e., majors) in 
Biomedical Engineering, Electrical Engineering, and Mechanical Engineering.
A core group of faculty members were on the initial committees and were 
strong proponents of the increase in active learning. As more faculty experi-
mented with active learning in their courses, momentum built in this new di-
rection. Junior faculty (i.e., tenure-track faculty), who were passionate about 
this type of learning, were also hired. College students responded enthusiasti-
cally to these curricular improvements, with undergraduate enrollment in en-
gineering programs increasing dramatically, continuing the momentum. With 
a strong core of administrative leadership, senior faculty, junior faculty, and 
student body excited about the pedagogy, the change has been embedded in the 
culture and we believe it is now an integral part of SEAS. 
There are a number of lessons learned in our experience that may be appli-
cable to other institutions considering such a change. Most importantly, for the 
change to be successful, the following factors should be in place:
•	 The right institutional environment and leadership. Extensive initia-
tives that require investment and support require the leadership of the 
institution. In our case, this meant the strong leadership of the presi-
dent, provost, the dean of the Faculty of Arts and Sciences, and the 
dean of SEAS to rally together to create the appropriate educational 
support.
•	 Faculty who will champion the initiative. A group of engaged senior 
faculty with diverse technical backgrounds realized the need for ac-
tive learning and a more innovative pedagogy and gave credibility and 
strength to the effort.
•	 Appropriate resources/infrastructure. Our particular initiative needed 
resources and infrastructure to be successful. The initiative gained 
traction because the SEAS dean made it a priority.
•	 Ability to leverage the existing strengths in an institution. The ini-
tiative was successful because it leveraged the existing strengths of 
Harvard. For example, Harvard is primarily a research university; 
the initiative used this fact as a strength by setting up some labs and 
experiments that were undergraduate-appropriate versions of experi-
ments conducted in a professor’s research lab. This allowed faculty to 
impart their research in a way that was accessible and appropriate for 
undergraduates, giving students access to cutting-edge technologies.
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Our experience provides evidence that making a dramatic difference in 
curriculum and pedagogy across a university requires leadership, vision and 
commitment at the senior administrative level (provost and president tier), as 
well as at the course level (instructors engaged in the new pedagogies). The 
described pedagogical change at Harvard SEAS was successfully accomplished 
due to strong dean leadership, and a core of passionate faculty pushing for this 
change. 
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How an R-1 University Rallies Around 
Transforming Education:  
Opportunities and Challenges
Fatma Mili, Robert Herrick, Tom Frooninckx
The Purdue Polytechnic Institute is an initiative to transform the Purdue Uni-
versity College of Technology while setting a general exemplar useful for oth-
ers. It was selected as a Purdue Moves initiative, one of 10 pillars that define 
the university’s strategic direction, and has received tremendous resources and 
attention. Now in our second year, we reflect on where we are, what we have ac-
complished, and how we make sense of the opportunities and challenges within 
the general framework of social science scholarship in the field of transforma-
tional change. 
The Purdue PolyTeChnIC InITIaTIve
The last decade has seen a growing desire to “do something” about higher edu-
cation in general, and higher education in STEM in particular. The voices for 
action were driven by three categories of concerns:
1. The graduates we are producing are not well prepared for the economy 
and the world in which they are called to function. Surveys of em-
ployers and reports by professional organizations and federal agencies 
are consistent in their findings (AACU, 2011; Levy & Murnane, 2013; 
Wagner, 2010) that students are not developing key skills and habits 
of mind. 
2. Thanks to advances in research in education, motivation, and learn-
ing, we now know much more about effective learning environments 
and methods (Sokol, Grouzet, & Muller, 2013; Deci & Ryan, 2013; 
Pink, 2006). We also know that we are serving a generation of students 
with different aspirations, different anxieties, and different modes of 
learning and collaborating (Brown & Seely, 2011; Levine, 2012). 
3. Department of Labor statistics show that higher education is becom-
ing almost a prerequisite to earning a living; surveys of students and 
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parents show that higher education is seen as a key part of the edu-
cation of a fulfilled citizen (Bowen et al., 2009; Sahlberg, 2011). Yet 
access to and acceptance by institutions of higher education remain 
difficult or unattainable for a significant percentage of our youth. 
The Purdue Polytechnic Institute aims to address these three shortcomings 
by starting from a tabula rasa position, to question all assumptions and to re-
build education for the 21st century. We knew that this complete re-accultura-
tion process would require time and resources, as well as a “safe space” in which 
to work. Extensive funding was given to this initiative to allow it to emerge and 
thrive.
A call was issued in the summer of 2013 to Purdue faculty interested in 
designing an education that accounts for the most recent findings on human 
motivation and human learning, and for the future needs of graduates and em-
ployers. A group of 16 faculty was selected; they are affiliated primarily with the 
College of Technology with representation from the Colleges of Liberal Arts 
(English, Communications, and Performing Arts), Education, and the Librar-
ies. The group was given the following guidelines and expectations:
1. Create a pilot learning experience to begin in the Fall of 2014: Part of the 
experiment is to break away from the traditional “production studio” 
mode of operation where extensive preparation and very close review 
take place upfront. Once something is approved, its offering is routin-
ized. By contrast, we were aiming for a “research laboratory” mode 
of operation where teaching and learning are research, never routin-
ized. We preferred therefore to start sooner rather than later with the 
understanding that everything is subject to questioning and change.
2. Spend one semester creating the right mindset: Paradoxically, while we 
wanted action fast, we also wanted to avoid falling into the traditional, 
deeply ingrained reflexes. It was very important for the faculty to 
spend the semester creating a common baseline of research, adopting 
an agreed upon charter, and especially creating the right mindset to 
take risks and ask hard questions.
3. Think outside of existing constraints: Along with slowing down deci-
sions, part of creating the right mindset required that we do not start 
with existing rules, regulations, and processes.
In light of the above expectations, the team of faculty fellows did the 
following:
August 2013–December 2013: Creating the right mindset; community building; 
learning together: The team met on average twice a week for a few hours at a 
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time. They invited speakers, attended seminars and workshops, and read and 
discussed books, research papers, and blogs. By the end of the first semester, 
they adopted a set of values (Mili, 2013 c) and agreed upon a small number of 
guiding principles. In particular, the faculty subscribed to the idea that learning 
happens best when it is driven by student’s intrinsic motivation (Deci & Ryan, 
2013) and that a growth mindset is a more important and more lasting asset to 
learning than talent alone (Dweck, 2006). The faculty also agreed on the need 
to cultivate more than technical skills, especially in light of the findings that 
graduates often do not have what it takes to succeed past their first job (AACU, 
2011; Wagner, 2010). 
January 2014–May 2014: Self organizing, self-governing, and designing: The fac-
ulty started the year with a two-day retreat in which they agreed to a foundation 
for the learning experience to be designed. There would be two pillar settings: 
Design studio and Socratic seminar. Both of these settings would be transdis-
ciplinary, and problem-based. Topics and skills would be iterated using a spiral 
approach. The focus now was to design the Fall 2014 offering. 
Although the proposal approved in June 2013 was to create a relatively au-
tonomous institute within which faculty fellows would operate, the structure 
remained virtual. This was in part a deliberate choice because we considered 
the governance model as an integral part of the innovation. We were aware of 
the interplay between governance and culture (Kezar, 2004) and wanted to take 
the time to design it “right.” In the process, we experimented with governance 
by hierarchy, which led to resentment; no governance, which led to chaos; and 
decisions by consensus, which led to paralysis. We finally settled on Holacracy 
(Robertson, 2015) which we are still using. Some of the key characteristics of 
Holacracy that we found appealing: It is a distributed governance system in 
which authority and accountability are tightly coupled; governance is dynamic 
and responsive to changing needs and situations in a very transparent and codi-
fied manner; everyone is empowered to make proposals to make changes; and 
it is strongly biased towards action and against paralysis. Faculty took to it very 
quickly and adopted it wholeheartedly. It allowed us to organize in “circles” 
with well-defined domains and authority that were operating with a high level 
of autonomy and full transparency. This has contributed to strengthening the 
level of trust among the faculty. The circles include: Design Studio, Seminar, 
Assessment, Space, Credentialing, and Degree Architecture.
April 2014–August 2014: Recruiting and welcoming Fall 14 cohort; Finalizing 
1st-year design; Designing Bachelor of Science Degree in Transdisciplinary Stud-
ies: During the summer the first cohort of students was recruited and welcomed. 
Because we did not have our own degree, the first year offering was designed so 
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that it could serve students in all of the College of Technology majors (7 majors) 
and students in Exploratory studies (undecided). We invited students accepted 
in the College of Technology and in Exploratory Studies to apply. A group of 
36 students was accepted. We prepared the space and ordered equipment and 
supplies for the design studio and the seminar class. As we proceeded through 
the first two semesters, it became very clear that unless we had our own degree, 
we would have very little curricular decision space. We invested considerable 
time in defining the Purdue Polytechnic degree with the intention of taking 
it through the requisite approval processes so that it is in place for fall 2015. 
The degree requirements are defined in terms of learning experiences and mile-
stones, and competencies the student must demonstrate. The implementation 
of the competency-based approach touches upon almost every aspect of univer-
sity management and requires collaboration from all: registrar, bursar, financial 
aid, academic units, etc. The adoption of the competency-based approach was 
rewarded with $5,000 and full support from all administrative offices.
August 2014–December 2014: Running the first offering; Learning with the stu-
dents; and Managing the mixed reactions: Nothing was as exhilarating as wel-
coming the students, putting in practice what we had been designing for a year. 
Very often the outcome surpassed our expectations, and several times we had 
to backtrack and fix the plane while flying. We feel a tremendous gratitude to-
wards the 36 students who enrolled with us. They exhibited a level of energy 
and optimism that is very inspiring. We ended the semester with many research 
questions that need further exploration, but with the strengthened conviction 
that this is the right direction. Students benefitted from the experience much 
more than from a traditional setting, even (and maybe especially) those who 
were not ready for the level of autonomy and self-direction we gave them. Even 
for those things that did not work, we find solace in David Price’s 2013 state-
ment: “No student ever had his entire education ruined because of a learning 
innovation that didn’t come off. But I can show you plenty of students whose 
curiosity and imagination were strangled by being trapped in a repetitive, un-
inspiring, unimaginative learning enclosure.” 
As exhilarating as it was this period is also the one when we experienced 
the most intense and persistent resistance. We managed to remain under the 
radar as long as our activities were abstract designs with no visible manifesta-
tions. With the classrooms buzzing with students and activities, scrutiny and 
objections multiplied. The rationale we used for creating the Purdue Polytech-
nic Institute was to create an autonomous, safe space for faculty to innovate 
and experiment with a different model of teaching, learning, and governance. 
We have largely succeeded in creating that different culture and setting; but 
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the Purdue Polytechnic does not exist in a vacuum. It is a transformative unit 
within a larger system, and not all of the system components were receptive to 
its activities.
InsTITuTIonal TransforMaTIon, general fraMework
The topic of institutional transformation has been extensively studied (see 
Westley, et al., 2013 for a recent survey). This topic has been studied from two 
perspectives: resilience and transformation. Once established, resilient systems 
create mechanisms by which they self-perpetuate. Institutional transformation 
in an established system takes deliberate resources and actions to overcome the 
perpetuating resilience processes. 
Institutional changes or transformations “arise when organizational actors 
with sufficient resources (institutional entrepreneurs) see in them an oppor-
tunity to realize an interest that they value highly” DiMaggio (1988). This for-
mulation is consistent with the consensus in the literature (e.g,. Kezar & Eckel, 
2002; Garud, Hardy, & Maguire, 2007) that the three most critical elements in an 
institutional transformation are: actors (agents), resources, and opportunities.
The motivation and creativity of agents constitute the most important trig-
ger and sustainer of transformations. The power of the vision driving them and 
their passion for its realization lead them to break away from scripted thoughts 
and actions and to take considerable risks. Emirbayer and Mische (1998) argue 
that actors differ by their temporal embeddedness (i.e., whether they are fo-
cused on the past that they are trying to preserve and reproduce, the present to 
which they are trying to react, or the future that they envision and want to cre-
ate). The temporal embeddedness captures the predominant orientation, mode 
of thinking and acting, and preferred form of agency: routine, sense-making, 
and strategic (Dorado, 2005). Agents oriented towards the past lean towards 
routine thinking through the selective reactivation of past patterns of thought 
and action. Agents oriented towards the present lean towards sense-making 
agency through the continuous scanning of the environment in an effort to 
frame it in a coherent way and react to it. Agents oriented towards the future 
lean towards strategic agency through the imaginative generation of possible 
future trajectories of action defined by their hopes, fears, and desires. Strategic 
agency is the most clearly related with transformational change; it is goal-ori-
ented and focused on the long term, thus abstracting away daily distractions and 
derailment. This is especially necessary because periods of change create high 
levels of uncertainty and rapidly changing environments (Emirbayer & Mische, 
1998). Sense-making agency is important in framing the situation, explaining 
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it, and communicating it so as to keep the focus on the strategic change (Weick, 
1998). Successful transformation requires a combination of sense-making and 
strategic agency.
An institutional transformation is by definition an effort to depart signif-
icantly from the usual patterns of behaviors and actions. Because departures 
from the usual norms “threaten dominant positions and break away legitimate 
order” (DiMaggio, 1988), they carry a high risk to the actors. Mobilizing re-
sources enables them to take these actions and buffers them from some of the 
resistance and backlash. The literature identifies three distinct resource mobili-
zation processes: leveraging, accumulating, and convening (Dorado, 2005).
•	 Leveraging is the purposeful fundraising and grant seeking process. 
Actors define a project, then seek support from backers. 
•	 Accumulation is the process by which independently initiated actions 
and interactions over extended periods of time converge and create a 
momentum in support of an idea (Van de Ven & Garud, 2004). 
•	 Convening is social activism driven by the desire to see an issue get due 
attention and eventually be addressed. 
Dorado (Dorado, 2005) defines opportunities as “the likelihood that an or-
ganizational field will permit actors to identify and introduce a novel institu-
tional combination and facilitate the mobilization of the resources required to 
make it enduring.” Opportunities depend on at least two characteristics: multi-
plicity and the degree of institutionalization.
Institutional entrepreneurship scholars (Battilana, Leca, & Boxenbaum, 
2009; Dorado, 2005) define multiplicity in terms of the number and overlap 
between the different institutional referents experienced by actors. The mul-
tiplicity of referents creates tensions that trigger actions; it also broadens the 
agents’ minds and cultural toolboxes (Swidler, 1986) and enhances their ability 
to frame new institutional arrangements in ways that make them acceptable to 
all parties (Douglas, 1986).
An environment with little or no institutionalization is characterized by 
unpredictability and high levels of uncertainty; this inhibits strategic agency. A 
very high level of institutionalization codifies patterns of thinking and behavior, 
and punishes deviations from the norm. This also inhibits strategic agency. A 
medium level of institutionalization is more conducive to innovation.
Based on these two dimensions of multiplicity and institutionalization, 
three categories of environments, known as predominant forms, are identified. 
When multiplicity is low and institutionalization is high, there is little room for 
deviation from the norm and actors have few reasons to do so; the environment 
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is Opportunity Opaque. This is the most traditional setting for mature organiza-
tions. When there is a moderate level of institutionalization to provide structure 
and stability, but not too high to the point of stifling innovation, and when 
there are several institutional referents, the environment promotes innovation, 
it is Opportunity Transparent. Innovative organizations deliberately create this 
transparency through their organizational choices, hiring, and professional de-
velopment. When there is a high multiplicity and low institutionalization, the 
level of uncertainty and unpredictability is too high. The environment is Oppor-
tunity Hazy (Dorado, 2005). This characterizes social structures in transition; 
for example, a country right after a revolution.
TransforMaTIonal ProCess
Institutional transformation is the process by which agents in the system cre-
ate something new to realize a vision or correct a situation deemed untenable. 
Holling captured the process by which ecological (or social) systems evolve and 
persist or transform in a seminal paper (Holling, 1986) as an infinite looping 
process between four phases defined below:
Launch and Growth: This is the successful launch of new ideas. It requires the 
availability of free (non-attached) resources and a high level of diversity of ideas 
and referents (multiplicity). The successful launch leads to the growth of the 
innovation. This is a slow and lengthy process. As long as all conditions are 
favorable, the innovation continues to consume resources and introduce a level 
of uniformity and conformity. As we proceed through the growth, a higher per-
centage of the resources becomes attached and the level of sameness and con-
formity increases, thus multiplicity decreases.
Conservation and Institutionalization: When innovations reach their level of 
maturity, growth slows down, most resources tend to be locked in the system, 
and sameness and uniformity are at the highest level. This phase is character-
ized by a high level of order and institutionalization of processes. There is a 
definite norm and tradition for everything. This phase is both very robust (re-
silient) but also vulnerable to major changes or disruptions.
Release and Creative Destruction: Large institutions are at risk from major dis-
ruptions that can be triggered by internal or external agents or events. Dis-
ruptions break existing structures and release resources. At this stage, the level 
of uniformity remains high, growth stops, but resources are available. Creative 
destruction is a short lived phase that prepares the ground for exploration and 
reorganization.
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Reorganization and Exploration: The release of resources from the creative de-
struction triggers an exploration of ideas and a high multiplicity of views and 
options. When one of these emerges as the dominant idea and resources are 
secured, the system reorganizes to support its launch and exploitation; and a 
new growth phase starts. 
The same loop captures incremental changes, slow evolution, resilience, 
and innovation. Resilient systems adopt changes and reorganize in a way that 
minimizes disruptions and allows them to resume growth in a minimally modi-
fied manner. In other words, a resilient system can absorb a perturbation and 
adapt to it with minimal change. Innovation and transformation on the other 
hand follow the same cycle but reorganize in more fundamental ways redistrib-
uting resources. 
governanCe and CulTure
The description of the transformational prerequisites and process refers to 
several features that can aid or hamper transformation. There is a direct re-
lationship between institutionalization and multiplicity on the one hand and 
the opportunity for innovation on the other. What active interventions can one 
make to affect these parameters? The two main candidates are administrative 
structures (i.e., governance systems), and social structures (i.e., culture, leader-
ship, and human relationships). 
In an article titled “What is More Important to Effective Governance: Re-
lationships, Trust, and Leadership, or Structures and Formal Processes?” Adri-
anna Kezar (2004) examines the literature on the inadequacy of academic 
governance. Academic structures are predominantly hierarchical, slow, ineffi-
cient, and ineffective in using expertise-based decision making and respond-
ing to the needs and concerns of internal and external constituencies. All of 
this breeds mistrust and disengagement from important players and potential 
innovators. 
Campuses who have responded to the call to adopt different and more 
participatory processes did not necessarily show significant improvements in 
efficiency or effectiveness. Kezar (2004) examined several case studies and con-
cluded that culture, able leadership, and human relationships are much more 
important than the formal processes used. With the right leadership and cli-
mate of trust, the exact processes used are almost irrelevant. If trust is absent, 
even when shared governance processes are used, they remain suspect.
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The Purdue PolyTeChnIC TransforMaTIon—agenCy, 
resourCes, InsTITuTIonal oPPorTunITIes
The Purdue Polytechnic Institute was triggered through an initial strategic defi-
nition of goals and aspirations captured in foundational white papers by Mili 
and Bertoline (2013 a,b,c). The faculty fellows and staff brought an additional 
mix of strategic and sense-making agency, and they each bring something 
unique in terms of their temporal inclination, as well as motivation, skill, work, 
and educational experience. In particular, sense-making has proved to be criti-
cal as we navigated the many backlashes and sources of resistance. 
Because the transformative innovation was taking place primarily within 
the College of Technology, most of the questions, anxiety, and resistance came 
from there. We capitalized on the standing of one of the faculty (second au-
thor) in the college to help communicate with all the department heads and 
advisors and to listen to their concerns and address them. His recognition (dis-
tinguished professor), his track record with national and professional organiza-
tions (ASEE, ABET), and his length of service in the college contributed much 
of the sense making as we proceeded through the design and implementation.
Because the initiative required extensive collaboration with several other 
offices on campus, we used a team approach to sense-making on campus. The 
fact that one of the faculty fellows is the vice chair of the Purdue Faculty Senate 
proved to be an asset in navigating much of the faculty governance. The first 
author is a member of the Purdue ADVANCE steering committee, as a result, 
even though relatively new at Purdue, she created many trust relationships with 
women department heads, associate deans, and faculty, which proved instru-
mental. Support from the highest office on campus, combined with sense-mak-
ing and familiarity with the institution on the ground were instrumental.
The resource mobilization for the Purdue Polytechnic project falls more 
closely under leveraging, although the research and scholarship aspects of it are 
more closely related to accumulation and convening. A proposal was developed 
in the summer of 2013 and submitted to the president and the Board of Trustees. 
Upon approval, we started the further development and the implementation. 
The resources from the president came in three different forms:
•	 Financial Resources: Significant funding was allocated to this initiative 
in the form of a start-up budget and a recurring budget conditioned 
by enrollment. Two aspects of this funding proved to be significant: 
The dean of the College of Technology (Bertoline) is a co-PI on this 
initiative, and the support was given by the president so that Purdue 
Polytechnic incubates the transformation of the whole college. 
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•	 Decision Authority Resources: The support and directives from the 
president erased many potential barriers. For example, because credit 
hours are embedded in everything we do, the adoption of the compe-
tency-based approach required a significant investment and participa-
tion from almost every administrative structure on campus (e.g., the 
registrar, financial aid, and enrollment management). Implementing 
competencies without the president’s support would have been very 
difficult. 
•	 Promotion: The president has repeatedly praised this initiative and 
its potential in many public settings inside and outside Purdue. This 
backing lends us credibility with the Purdue community, students, 
parents, and employers.
InsTITuTIonal oPPorTunITIes
The Purdue Polytechnic Institute is an innovation taking place within a larger 
context: Purdue University, and the College of Technology. Although the initial 
proposal and subsequent efforts define it as a transdisciplinary, university-wide 
effort, many pressures reduced its scope so that it is primarily a College of Tech-
nology initiative. Most of the resistance we have faced came from within the 
College of Technology. 
Institutionalization: The College of Technology at Purdue is not unlike any other 
college in an R-1 university. The history, the size, and the complexity of the in-
stitution by definition necessitate the creation and following of highly codified 
processes, rules, and deadlines, very often to a fault. As has been observed in 
most higher education institutions (Birnbaum, 2000), these lead to inefficient, 
slow, and ineffective processes that stifle quick actions and experimentation. It 
is because of our experience with these processes that we proposed (and failed 
so far) to have the Purdue Polytechnic a relatively autonomous entity with new, 
more agile, and faster processes. In summary, institutionalization in our context 
is high.
Multiplicity: Because of its roots and history, the College of Technology attracts 
faculty who are passionate about teaching and teaching by doing, and who have 
prior industrial work experience. The latter used to be a requirement. As such, 
most of them have been exposed to multiple referents, the industrial, and the 
academic; but these are non-overlapping referents that do not influence each 
other; an industrial process for example is seen as irrelevant in an academic 
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setting. Furthermore, in part because of the specificity of the discipline (there 
are few colleges of technology that graduate PhDs.) and because of the geo-
graphic location of Purdue, for most faculty, this is the only academic position 
they have held, and for some, this is also the college from which they graduated. 
This greatly reduces the multiplicity of referents.
On the one hand, we have a self-selected extremely diverse team of faculty 
fellows ready to create a new transparent environment in the form of Purdue 
Polytechnic Institute. On the other hand, they need to operate under the opaque 
environment of the traditional College of Technology. Giving the institute some 
level of autonomy creates a somewhat transparent environment, whereas put-
ting it fully under the college jurisdiction makes the environment opaque. This 
is the nature of the debate held for two years now. The hesitancy stems from 
the fear that an autonomous institute will have little impact on the college it is 
created to transform. There is also an important resource aspect to the setting. 
Transformations happen when “free” resources that are not locked into existing 
processes and structures become available. In this case, there is a significant 
injection of new resources allocated to this innovation. This has highlighted 
another rationale for creating an autonomous unit to house the innovation: As 
long as the initiative is fully embedded within the traditional college structure, 
the new resources get automatically locked in old processes and hamper rather 
than help the transformational efforts.
TransforMaTIonal sTaTus
The cycle capturing the Purdue Polytechnic transformation is summarized in 
the following timeline:
1982–2012: 30 years of growth, Institutionalization, 
Conservation, opaque
This period captures the slow and steady growth of the College of Technol-
ogy. The college outgrew its focus on associate degrees and started offering 
world-class accredited bachelor’s degrees (e.g., the CIT degree is one of the first 
ABET-CAC IT degrees accredited). Several graduate degrees were added, in-
cluding a PhD in technology. The growth of the faculty shifted from an almost 
exclusive focus on undergraduate teaching to a focus on research and graduate 
teaching. Through its 50-year history, the college has developed and established 
a well-recognized culture, and a comprehensive set of norms, processes, and 
traditions.
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2012–2013: 1.5 years of disruption, opportunities,  
uncertainty, haziness
No disruption is completely sudden or instantaneous, but usually it takes time 
to come to the surface and truly disrupt the orderly working of a well-insti-
tutionalized system. Several factors conflated towards this disruption: At the 
national level, the expressions of dissatisfaction with some aspects of higher 
education kept getting louder and more frequent. At Purdue, a new president 
was hired followed by a complete change of personnel in upper administration. 
These factors happened to align all in the same direction of a desire to change 
the way we design and deliver undergraduate education. In contrast with other 
crises, we did not really have anything broken; it was more of a unique oppor-
tunity than an outside disruption. Tremendous resources have been invested 
in the creation of the Purdue Polytechnic Institute. This created a high level of 
uncertainty surrounding the nature and the role of the institute, as well as the 
expectations from the rest of the college and the expectations from the different 
constituencies. The resources that have been released are sufficiently significant 
to disrupt the routine functioning of the college.
2014: reorganization haziness?
Since January 2014, efforts in the Purdue Polytechnic Institute have focused 
on creating an innovative student experience, curriculum, and culture that are 
as authentic and faithful to the scientific and experiential finding as possible. 
These efforts included adopting a distributed leadership model that empowers 
all participants and builds on the strength of the team (Harris, 2013). 
We are now at a critical crossroads. This effort can take off as a truly trans-
formative effort, or as a more modest incremental change. The real innovation 
requires time, space, and resources to grow into a coherent project that is given 
freedom to evolve and to incorporate lessons learned. A safer but less trans-
formative path would consist of weaving the changes and the resources into 
the system immediately. This will result in some incremental change with the 
main focus on minimizing the disruption of the bigger institution and preserv-
ing its smooth operation and power structure. The former requires autonomy, 
time, and a high level of risk-taking, assessment, and authentic questioning and 
experimentation. The latter demands scalability, predictability, and guaranteed 
timely results. 
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governanCe and CulTure
The conclusion reached by Kezar’s (2004) study that “Relationships, Trust, and 
Leadership” are more important than formal administrative structures is sober-
ing and inspiring at the same time. One of the key values underlying the Purdue 
Polytechnic approach is that of trust. We as faculty must trust the students’ 
intrinsic curiosity and desire to learn. We empower students to take risks and 
trust that they can learn from failure and recover from it. We trust the stu-
dents by making ourselves vulnerable with them and learning with them, rather 
than acting as the penultimate experts. We trust our colleagues and open our 
classrooms for collaboration, critique, and suggestions. As we debated and sub-
scribed intellectually to these principles, we also realized how much unlearning 
and retraining we needed to do. There is an important faculty development 
component on which we barely touched the surface. 
In the process of creating this new model of education, we also realized 
the magnitude of the interdependence between what happens in the classroom 
and the remaining governance that surrounds it. We have researched different 
governance models for our team and adopted Holacracy (Robertson, 2015). As 
Kezar (2004) notes, changing administrative structures alone is not sufficient. 
We are aware of the need to do both: Working on nurturing a climate of trust, 
empowerment, and shared leadership and adopting a governance structure 
consistent with it. 
SummAry, ASSeSSmenT
In his book Change Leader: Learning to do What Matters Most, Michael Fullan, 
(2011), argues that “the creative premise for the change leader is not ‘to think 
outside the box’ but to get outside the box, taking your intelligent memory to 
other practical boxes to see what you can discover.”
We are standing at a crossroads. We understand the stark difference be-
tween radical innovation and incremental innovation. The latter is safe; it has 
almost guaranteed results and little risk, but it also has commensurate impact 
and rewards. At the other end, radical innovation involves the adoption of ap-
proaches that challenge and disrupt the broader context with its cultural norms 
and power structures. It requires larger leaps of understanding and often new 
ways of seeing a problem. The chances of success are difficult to estimate, and 
there is initially often considerable opposition to such ideas. We are just begin-
ning the second year and still aiming for and hoping for the true transformation 
with its rewards to our students and many students in the future.
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Departmental Redesign:  
Transforming the Chattanooga State Math Program
John Squires
In higher education, teachers have been looking for innovative ways to im-
prove instruction and student learning in their classrooms. As society becomes 
technologically saturated, many of these innovations involve utilizing online 
resources. Terms like course redesign, blended learning, hybrid classrooms, 
asynchronous instruction, and flipped classes have become prevalent. These 
new approaches are aimed at the individual classroom with the goal of improv-
ing student engagement. However, as long as they are done as stand-alone ini-
tiatives, their impact is limited to a handful of students who perform better 
under these alternative delivery methods. In order to maximize the impact, a 
programmatic approach is needed, a concept we will call departmental redesign.
In fall 2009, the Chattanooga State Math Department embarked on a com-
prehensive, long-term project in order to improve student engagement and suc-
cess. The project took five years to complete and had a significant impact on 
both the department and the college. We start with an overview of how this 
was accomplished by the department through an atmosphere of teamwork and 
continuous improvement. Then we examine the major aspects of this initiative, 
including course redesign, the emporium model, online instruction, working 
with high schools and innovative approaches to scheduling. 
TeaMwork and ConTInuous IMProveMenT
Transforming a department is not possible without teamwork at all levels, 
which requires faculty buy-in. The key to faculty buy-in is straightforward: in-
volvement. Once faculty members take ownership of a project, they can work 
together to improve the program over time. This concept of teamwork stands 
in stark contrast to the traditional model of faculty members working autono-
mously in silos of “hollow collegiality” (Massey, Wilger, and Colbeck, 1994). 
For the redesign of the math department at Chattanooga State, faculty 
teams were formed for the overhaul of each course. Lead teachers were assigned 
to monitor the outcomes of a course and work to improve its quality over time. 
272 CASE STUDIES—ProjECTS AT ThE CoUrSE AnD DEPArTMEnT LEvEL
Feedback was sought from a number of stakeholders, including students, fac-
ulty, program directors, and deans at the college. Student focus groups were 
formed to glean suggestions for improvement, and faculty members from other 
disciplines were invited to review the courses. Courses were reviewed regularly 
and input from teachers was sought. Working together, the math department at 
Chattanooga State was able to improve the quality of the program.
Once an atmosphere of teamwork had been established and course redesign 
had been implemented, continuous improvement became possible. The key to 
improving steadily over time is the appropriate use of data. This does not mean 
that improvement always occurs. Rather, it means that when problems arise, 
they are addressed programmatically. Likewise, when improvement occurs it 
impacts the entire program. By paying attention to data, having faculty work 
together, following a proven process in course redesign and making incremen-
tal changes over time, it is possible to dramatically improve the outcomes of a 
program over a period of time.  The math program at Chattanooga State is an 
example of this.
Course redesIgn
The five principles of course redesign are: redesign the whole course, encourage 
active learning, provide students with individualized assistance, build in ongo-
ing assessment with prompt feedback, and ensure time on task while monitor-
ing student progress (Five, 2015). If realized, these principles will create an ideal 
learning environment for students in which they can flourish. 
Redesigning the whole course means including all of the sections for that 
course in the project (Five, 2015). Since all of the sections of a course are in-
cluded instead of a few pilot sections, teamwork and efficiency are maximized, 
and continuous improvement becomes possible. Redesigning the whole course 
also means starting from scratch and building both activities and assessments, 
which will provide the student with a rich learning experience.
Most faculty members know that student engagement is the most impor-
tant key to learning. Students who are disengaged do not learn anything, and 
as a result they do not succeed. If they do happen to survive, it is either because 
they enter the course with a set of skills and knowledge sufficient to carry them 
through the course, or because they happen to be good at taking tests. Sadly, 
any students who skate by in spite of not being engaged learn a fraction of what 
they could have. By building a system which not only encourages, but actually 
requires, students to be fully engaged in learning, course redesign can improve 
the quality of the educational system for all students (Five, 2015).
 DEPArTMEnTAL rEDESIGn 273
If student engagement is essential to learning, providing students with in-
dividual assistance is just as important (Five, 2015). Engaged students will read 
the content, do the work, perform the activity, and think about what they are 
doing. However, in the process they will have questions, make mistakes, miss a 
point, and not understand something. It is important at those times that there 
is someone to help them; if they can receive individual help in a friendly learn-
ing environment, they can overcome the hurdles they face and then conquer 
the material. 
Ongoing assessment and prompt feedback minimize down time for stu-
dents, creating a more efficient learning system than the traditional classroom 
(Five, 2015). In many college classes, student homework is not graded simply 
because of the burden that grading papers represents. Many students have little 
or no feedback until the time of the exam, leaving them without a sense of their 
progress in the course material. This problem can be solved by utilizing on-
line learning systems to provide continuous assessment and instant feedback. 
Programs such as Pearson’s MyMathLab, which was used throughout the math 
program at Chattanooga State, provide instant feedback to students whenever 
they are using the software, which might be at midnight or on the weekends.
By restructuring the classroom setting and designing the course in a way 
that encourages students to keep working, time on task can be greatly increased 
(Five, 2015). In course redesign, the role of the instructor often shifts towards 
that of a mentor or coach, freeing the teachers from grading stacks of papers so 
they can concentrate on monitoring student progress. Students who are work-
ing and getting help from teachers tend to perform better and learn more.
The Chattanooga State Math Department embraced course redesign in fall 
2009 and redesigned 12 courses in a span of three years. The National Center 
of Academic Transformation has developed a proven concept and framework 
for improving instruction through the use of technology, and the work of the 
Chattanooga State Math Department shows the potential of adopting that in-
structional model and implementing it on a wide scale. 
eMPorIuM Model
The emporium model eliminates class meetings and replaces them with a large 
computer lab where students access online learning materials and receive in-
dividual assistance (Emporium, 2015). A combination of faculty, professional 
tutors, and peer tutors are used to staff the lab, which is open weekdays, week-
nights, and often weekends, for students to utilize at their convenience. The 
emporium model is one of the most successful models because of its ability to 
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reduce costs while increasing student engagement and providing personal as-
sistance in the learning process.
The Chattanooga State Math Department utilized the emporium model 
throughout its curriculum, from Basic Math to Calculus III. Every student in 
every class was expected to attend the math lab as part of the class. The college 
hired two full-time staff members to manage the lab, which expanded from 60 
computers in fall 2008 to 185 computers in fall 2012. Additionally, computer 
labs of 32 computers each were installed at each of the remote sites, and com-
puter classrooms of 24 computers were installed at the main campus. Overall, 
the college invested in almost 500 computers at six locations. The labs were 
staffed by a combination of full-time and part-time faculty, as well as profes-
sional and student tutors.
The result of shifting to the emporium model was clear; the math lab be-
came the most utilized resource on campus. A proper implementation of the 
emporium model results in increased student engagement combined with in-
dividualized assistance, which leads to a friendly environment where students 
can work on math and receive the help they need. A Wall of Fame in the math 
lab highlighted student success stories, promoting a culture of success in math. 
Faculty offered mini-lectures to help students with specific topics, and students 
could form study groups to work with each other at designated times.
onlIne InsTruCTIon
In fall 2009, the Chattanooga State Community College math department 
faced a problem not uncommon to colleges around the nation; online course of-
ferings had high failure rates and were not a quality experience for the students. 
When the department leadership examined the state of the online math courses 
in fall 2009, the data revealed these courses had unacceptably high failure rates. 
Some classes had failure rates as high as 90%, where only a few students passed 
an on-line math course. It was clear that the courses did not incorporate online 
best practices—in fact, the “online courses” consisted of little more than a tra-
ditional course that happened to be offered online. After examining the data 
and the courses, a decision was made to put a moratorium on offering all on-
line math courses, effective spring 2010. This critical first step provided a fresh 
start; while the decision was highly controversial and raised eyebrows among 
the campus community, it proved to be the correct decision in the long term.
Once the moratorium was put into place, the department began working 
to redesign its college math courses. The redesign of online courses focused 
on four best practices—course organization, quality resources, proactive fac-
ulty, and student engagement—and each of these is outlined below. For faculty 
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wishing to dig deeper, there are a number of resources outlining best practices 
for online instruction; the University of Maryland’s Quality Matters rubric is 
one example (Quality, 2014).
Course layout makes a huge difference in student engagement and is very 
important in online courses. The National Center of Academic Transformation 
has five principles of successful course redesign, and two of these principles, 
“Continuous Assessment” and “Time on Task”, are directly linked to course 
structure (Five, 2015). Too often, online courses simply list a series of two or 
three big exams dates, often with very little else in the course in terms of assess-
ment. Continuous assessment means regular homework, quizzes and exams 
throughout the course. Constant quizzing is listed as one of the characteristics 
of a great online course (Williams, 2013). This stands in stark contrast to the 
typical two to three big exams approach, which often leads to the night-before-
the-test syndrome in which students do nothing until the night before the big 
exam. The course should be organized into bite-size topics, with the appropri-
ate resources for each topic organized in a manner that makes them easily ac-
cessible. Weekly deadlines must be established and student progress must be 
monitored throughout the course. Proper course organization can go a long 
ways towards keeping students on task and on track. 
For online classes, the resources should be fully integrated into the course in 
a seamless manner, providing the students with a guided learning path. While 
there may be some flexibility in the organization of the course that reflects dif-
ferent learning styles, access to learning resources is critical to providing the 
student with a quality online experience. Students should not be provided with 
a plethora of resources with little or no instruction on how to use them. Fac-
ulty should locate quality resources to integrate into their courses and develop 
resources locally when needed. These resources must follow best practices; for 
example, videos should be 5–10 minutes in length, and care must be taken to 
avoid color combinations that will not be discernible to color-blind students. 
When making videos, instructors should follow the 90-second rule for media, 
not spending more than 90 seconds on the same screen. This attention to de-
tail makes a difference in the overall quality of the resources, and if a number 
of these practices are not followed, then the experience for the student will be 
frustrating, thereby negatively impacting course success. 
Faculty engagement is crucial to the success of any course, traditional or 
online. The faculty member’s approach in an online course should be active, 
not passive. Faculty must be vigilant in both monitoring student progress and 
providing individual assistance to each student, one of NCAT’s Principles of 
Course Redesign (Five, 2015). If a faculty member only responds to e-mails 
from students, the online course will most likely fail because of a lack of faculty 
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engagement. The faculty member teaching an online course should be consis-
tently trying to keep students on task, while also offering them assistance as 
needed. While some of this assistance can be done at scheduled times, most of 
it will need to be provided on an ad hoc basis due to the asynchronous nature of 
an online course. Student work must be reviewed promptly by the faculty and 
strengths and weaknesses discussed with the students. Faculty engagement is 
also directly linked to student engagement. The more proactive the faculty mem-
ber is the more engaged the students will be. Rita Sowell, a faculty member at 
Volunteer State Community College, has taught online courses successfully for 
many years and was consulted as a resource for Chattanooga State’s online math 
program. When asked about the key to having a successful online program, her 
response was straight forward, stating that “the key was that the faculty mem-
bers have to be willing to do a lot of hard work—period” (Sowell, 2012).
In any course, traditional or online, student engagement is the key to student 
success. Students who stay engaged, working in the course regularly throughout 
the semester, tend to succeed at much higher levels than students who pro-
crastinate and are not engaged. Given this, the question becomes, “What can 
be done to increase student engagement?” The answer is that course layout, 
quality resources, and proactive faculty members can all contribute to increas-
ing student engagement. When students understand how they are to go about 
learning the concepts, when they are provided with quality resources, and when 
they perceive that the faculty member cares about their success and is willing 
to assist them and teach them as needed, then they tend to be more engaged in 
the courses. Also, there are a number of strategies that can be used to increase 
student engagement, such as giving points for posts on discussion boards and 
course activities, making involvement a requisite part of completing the course, 
and encouraging peer-to-peer assistance and cooperation. These strategies can 
make a huge difference in increasing student engagement, which ultimately 
leads to student success. 
Prior to the moratorium in fall 2009, the department offered three college 
math courses online. Over a period of five years, these courses served a total of 
704 students, with a 36% success rate and a 1.29 GPA. Since the courses were 
redesigned and reintroduced in an online format beginning in fall 2011, the 
department offers seven college math courses online. Over a period of three 
years, these courses have served a total of 1,494 students, with a 61% success 
rate and a 2.15 GPA. Before, online math courses had success rates below 50%, 
much lower than on-ground classes. Now, online math courses have success 
rates of 50–70% and are comparable to on-ground classes. By giving the pro-
gram a fresh start, the Chattanooga State Math Department has seen a signifi-
cant increase in student success in online courses. 
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workIng wITh hIgh sChools
In fall 2009, Chattanooga State was working with only four high schools in of-
fering dual-enrollment math classes. In order to expand this program, the de-
partment had to overcome staffing obstacles associated with dual-enrollment 
classes. Simply put, the challenge in expanding dual enrollment is that most 
high schools do not have qualified faculty to teach college math classes. In order 
to meet this challenge, the department created the Early College Hybrid On-
line (ECHO) model of instruction, which started at Red Bank High School and 
quickly spread throughout the college’s service district (ECHO, 2015). With 
ECHO, a college faculty serves as the teacher for an online class, and the high 
school teacher serves as the on-ground facilitator for that class. This model of 
hybrid instruction and blended learning, combined with the teamwork between 
the high school and college faculty, expanded opportunities for dual enrollment 
while maintaining quality. The program expanded to 22 high schools in fall 
2014, and students in the program had a 97% success rate with a 3.6 GPA in 
the college math classes. Also, by utilizing the one-room schoolhouse strategy, 
several small high schools were able to expand their course offerings, including 
Calculus I and II. Some of these schools were unable to offer these courses prior 
to the ECHO program, but their students were now able to take these advanced 
courses.
In January, 2012, John Squires of Chattanooga State Community College 
worked with Deb Weiss of Red Bank High School to create the SAILS program, 
whereby students needing remediation in math are able to complete it during 
their senior year in high school (SAILS, 2015). The SAILS program is a highly 
strategic response to one of the state’s greatest educational challenges: the high 
cost of remedial education and its effect on certificate and degree rates. In May 
2012, the Chattanooga State Math Department received a grant form the Ten-
nessee Board of Regents to pilot the program at 10 high schools in the Chatta-
nooga area. At the same time, he worked with three other community colleges 
in Tennessee to introduce the program at their colleges. During the 2012–2013 
academic year, the program involved four community colleges working with ten 
high schools and served 600 students. The results were impressive. For example, 
in the Chattanooga State pilot, 83% of the students completed the program, 
meaning they entered college ready to take a college math class. In May 2013, 
Governor Haslam and the Tennessee Higher Education Commission granted 
Chattanooga State $1.1 million to scale-up the project statewide.
In Year 1 of the statewide scale-up (2013–2014 AY), the project served over 
8,000 students and had a 67% success rate, saving these students over 10,000 
semesters in college and over $6.4 million in tuition and books. Because of the 
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project’s phenomenal success, $2.45 million was approved for continued state-
wide scale-up. In Year 2, (2014–2015 AY), the program is expected to serve over 
13,000 students in 184 high schools in 79 school districts. The SAILS program 
is attracting national attention for its innovative, yet practical, solution to the 
college readiness problem, and has been featured in Inside Higher Education 
(Going, 2013).
InnovaTIve aPProaChes To sChedulIng
Because the teacher is not lecturing in the mini-lab version of the emporium 
model, it is possible to combine classes, with several students from one class 
in the same room as students from another class. This strategy is known as the 
one-room schoolhouse. In this setting, all that is required from the teacher is 
the ability to shift gears between courses. The ability to combine classes offers a 
solution to low-enrollment classes, further reducing the scheduling roadblocks 
and meeting the needs of students. 
The Continuous Enrollment Plan allows students who can display mastery 
of the topics to move quickly through a course, completing multiple courses 
in one semester. This option accelerates students to graduation, saving them 
both time and money. Since implementing this innovative approach to class 
enrollment, over 1,000 students at Chattanooga State Community College have 
taken advantage of this option and completed two or more courses in the same 
semester. In addition to the time they have saved, these students have saved 
over $500,000 in tuition and books. It should be noted that implementing this 
strategy required the cooperation of offices across the college—from Financial 
Aid to Veterans Affairs to Academic Affairs; these separate areas of the college 
worked together in order to find solutions to challenges and benefit students.
ConClusIon
In five years, the Chattanooga State Math Department was able to transform its 
program, positively impacting students in the program through teamwork and 
innovative approaches. The results were dramatic, with success rates increas-
ing in both developmental math and college math courses. During a five year 
period, the enrollment at the college decreased by 5%, while the enrollment in 
college math classes increased by over 60%, with students succeeding in col-
lege math skyrocketing by over 70%. The college invested over $1 million in 
the project, but that investment was paid back several times over due to these 
amazing results and the hard work of the Chattanooga State Math Department 
faculty.
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baCkground
Improving undergraduate science, technology, engineering, and mathematics 
(STEM) education is both an urgent national need and a long-term challenge 
(PCAST, 2012; AAU, 2011).The STEM fields are critical to generating new ideas, 
companies, and industry that drive our nation’s competitiveness, and will be-
come even more important in the future (Arum & Roksa, 2011). Nevertheless, 
there has been a steep decline in both the number and persistence of students 
in STEM majors. The decline in popularity of STEM programs is particularly 
marked among freshmen, who often leave the major soon after completing in-
troductory science courses (Green, 1989; Seymour & Hewitt, 1997). Evidence 
is mounting that introductory coursework fails to inspire students and provide 
them with the foundational knowledge they need to persist and excel in STEM 
degree programs (Hurtado et al., 2010; Wood, 2009; Handelsman, 2004). Stu-
dents leaving STEM majors express dissatisfaction with both the curriculum 
and the instruction, often perceiving that professors care more about research 
than student learning (Johnson, 1996; Marbach-Ad & Arviv-Elyashiv, 2005; 
Seymour, 1995; Seymour & Hewitt, 1997; Sorensen, 1999).
Faculty members clearly play a pivotal role in undergraduate STEM educa-
tion reform. Through their enthusiasm and expertise, they shape the attitudes 
and aspirations of their students (Cole & Barber, 2003; Gaff & Lambert, 1966). 
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However, faculty members have essentially no formal preparation for their uni-
versity teaching responsibilities (Tanner & Allen, 2006). While they are gener-
ally aware that prior knowledge plays an important role in the ability to acquire 
new concepts, they lack expertise in evaluating their students’ prior knowledge 
and adjusting their teaching practices to frame their course as part of a learning 
progression (Marbach-Ad, Ribke & Gershoni, 2006; Duschl, Maeng & Sezen, 
2011). 
A recent Association of American Universities Report (AAU, 2011) urges 
a cultural change in how faculty members approach teaching. The traditional 
mode of undergraduate STEM instruction, characterized by long lectures 
where students take a passive role, emphasizes content coverage over concep-
tual mastery and leaves students deeply dissatisfied (Henderson, Beach & Fin-
kelstein, 2011; Henderson & Dancy, 2008; Henderson et al., 2008; Seymour 
& Hewitt, 1997). Faculty members must move away from teaching a “sea of 
facts” and instead help students develop a meaningful conceptual understand-
ing. The American Association for Advancement in Science report, Vision and 
Change: A Call to Action (AAAS, 2009) provides a consensus list of the major 
concepts that students in the biological sciences should understand deeply. Dis-
ciplinary societies such as the American Society for Microbiology (ASM) have 
voiced strong support for this approach and have developed curriculum recom-
mendations that are grounded in a focused list of concepts aligned with those 
proposed in Vision and Change (Merkel, 2012). Using the process of scientific 
teaching (Handelsman et al., 2004), these curriculum guidelines can serve as 
the basis for designing courses that achieve specific learning outcomes using 
best practices for student learning. However, before meaningful change can be 
implemented in the classroom, it is imperative that we have a thorough under-
standing of the knowledge base of the incoming students, with an appreciation 
of their conceptual understanding about science and the world around them.
ConCePT InvenTorIes as a Tool To Probe sTudenTs’ 
ConCePTual undersTandIng
Well-designed concept inventories (CIs) are important tools for assessing the 
extent of student concept mastery. CIs generally consist of a series of multiple-
choice questions that are informed by research into students’ prior knowledge of 
a topic. Distractors for the multiple choice questions are developed with aware-
ness of naive ideas, misconceptions, and faulty reasoning commonly shared by 
students (D’Avanzo, 2008; Fisher 2004). Misconceptions are ideas that differ 
from valid scientific explanations and also (1) tend to be shared by a significant 
proportion of the population; (2) cut across age, ability, gender, and cultural 
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boundaries; (3) produce consistent error patterns (Osborne & Freyberg, 1985); 
and (4) are highly resistant to instruction (Fisher, 1983; Thijs & van den Berg, 
1993). We are aware that some consider the term “misconception” to have a 
negative connotation and suggest instead using the terms “alternative concep-
tion” or “naïve conception,” however for simplicity we hereafter use the term 
“misconception.” 
The first of the CIs to have widespread influence on undergraduate instruc-
tion was the Force Concept Inventory (FCI), which was developed in the ’80s by 
the physics community to assess student understanding of fundamental New-
tonian concepts (Hestenes, Wells & Swackhamer, 1992). The FCI has provided 
powerful evidence of the effectiveness of active-learning teaching methods over 
traditional, lecture-based methods (Crouch & Mazur, 2001; Hake, 1998; Mul-
ford & Robinson, 2002). Following this lead, CIs have been developed across a 
range of STEM disciplines, including chemistry (Mulford & Robinson, 2002), 
geosciences and astronomy (Libarkin, 2008), engineering (Evans et al., 2003) 
and in biology and its subdisciplines (Smith & Marbach-Ad, 2010). 
While CIs are widely used to assess student learning of targeted concepts, 
questions have been raised about how well multiple choice questions can mea-
sure deep learning (Smith & Tanner, 2010). This issue has been at the heart 
of a series of national, NSF-funded workshops on Conceptual Assessments in 
Biology (CAB)(DBI-0957363). The consensus of attendees at the most recent 
conference (CAB-III, 2011) was that there is value in CIs that call for students 
to provide open-ended responses in addition to selecting multiple-choice re-
sponses (Smith & Marbach-Ad, 2010). These types of instruments provide both 
quantitative and qualitative evidence of student learning, giving them great 
utility as faculty professional development tools. For example, CAB-III partici-
pants recognized the power of using CI data to create a state of cognitive dis-
sonance in faculty members who declare that they have “covered” a concept in 
class, but learn from CI data that students poorly understand the concept. 
our faCulTy learnIng CoMMunITIes
Faculty Learning Communities (Cox, 2004) have emerged as a powerful 
mechanism for teaching reform and faculty professional development. Com-
munities inspire faculty members to develop shared vision and expertise, and 
they provide motivation and support for those seeking to adopt new teaching 
practices. There are various types and models for faculty learning communities 
(see Chapter D2). We built our communities along the lines of Wenger’s (1998) 
theory of community of practice where we focus on collaborative projects. 
Here, we describe our two communities: the UMD Host Pathogen Interac-
tions (HPI) FLC and the VT Microbiology (MICB) FLC. We will introduce the 
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UMD HPI FLC and then explain how the model for this community spurred 
the development of the Virginia Tech (VT) community, now an active and vi-
brant force for course transformation at VT. 
The host Pathogen Interactions faculty learning Community 
In 2004, as part of a college-wide effort to reinvigorate the undergraduate bi-
ology curriculum, UMD faculty members with research expertise in the area 
of HPI formed a teaching community with the expressed purpose of creating 
a research-intensive undergraduate curriculum informed by best practices in 
teaching and learning. Collectively, these faculty members share responsibil-
ity for teaching nine undergraduate courses in the undergraduate microbiol-
ogy curriculum, including a large introductory course in general microbiology. 
Prior to the establishment of the HPI FLC, the UMD faculty had operated as 
individuals, each of us teaching the way that we had been taught and rarely 
assessing our learning outcomes. With the increasing body of knowledge on 
how students learn science, we felt that it was time for a more collaborative 
and forward-thinking approach to teaching. The HPI teaching community was 
founded on shared research and teaching interests, and it mirrors the classic 
research group, where science faculty members gather regularly to share ideas, 
review data, and discuss current findings. We have detailed the history and ini-
tiatives of our FLC in a series of publications (Marbach-Ad et al., 2007, 2009, 
2010). 
Over the last ten years the number of members in the HPI FLC has varied 
due to new hires and retirement. The HPI Teaching Community now includes 
14 members who represent all faculty ranks, including those with primarily 
teaching responsibilities (lecturers and instructors), as well as tenured/tenure-
track faculty members who have done research in the area of host pathogen 
interactions. Gili Marbach-Ad, the director of the College Teaching and Learn-
ing Center (http://www.life.umd.edu/tlc/), is also an integral part of the group, 
providing expertise in science pedagogy and assessment. During our time as 
a community, we have developed thirteen HPI concepts, an assessment tool 
(HPI Concept Inventory) and transformed our courses according to current 
research in student learning in STEM courses (Cathcart et al., 2010; Injaian et 
al., 2011; Quimby et al., 2011; Senkevitch et al., 2011). Members of our group 
have become active in campus-wide and national STEM educational initiatives, 
including Vision and Change, and ASM curriculum reform.
The hPI Concept Inventory, our flC Tool 
The HPI Concept Inventory was developed by the UMD HPI FLC as a way 
of measuring the success of various curricular initiatives (Marbach-Ad et al., 
2010). We give the HPI CI as a pre-test and post-test to provide insight into 
284 CASE STUDIES—ProjECTS AT ThE CoUrSE AnD DEPArTMEnT LEvEL
student gains in understanding of HPI concepts within each of our courses and 
across the full program of nine courses. It consists of 18 multiple choice ques-
tions validated through an iterative process (Marbach-Ad et al., 2009, 2010). 
The multiple choice nature of the inventory allows for quantitative analyses 
with large samples of students. Students complete the CI online and provide 
their student ID to enable matching of pre-test and post-test scores, and allow 
for retrieval of demographic information (e.g., gender, major) from institu-
tional records. After students answer each question, they are asked to provide 
an explanation for the answer they chose. These open-ended explanations pro-
vide a rich source of data for qualitative analysis. Since 2006, at UMD we have 
implemented the HPI CI in four to six courses each semester.
At the conclusion of every semester, our team meets for an extended work 
session to review the data, according to a specified protocol (Table 1). 
Through this systematic analysis of our data, we have gained insights into 
our program and, as a result, have made substantial changes to our curriculum, 
including the development of a new introductory course for students major-
ing in microbiology (Marbach-Ad et al., 2010). Further, the data analysis has 
served to spur rich conversations among our team that have transformed how 
we think about teaching and student learning. The qualitative analysis review 
sessions in particular have encouraged serious conversations about the nature 
of student learning and the origins of common misconceptions. We consider 
the insights derived from this work as the most important motivator of our 
continued interest in curriculum reform. We have found that student explana-
tions in response to the HPI CI questions hold information that is valuable in 
revealing how students understand or do not understand HPI concepts. Each 
Table 1: Protocol for analysis of hPI CI student Pre and Post responses
1.  Data from the online CI are downloaded to Excel files.
2.  Pre- and post-test means are calculated for each course and tabulated.
3.  Student explanations for each question are sorted by distractor choice to facilitate qualitative 
analysis. responses for each distractor are sorted alphabetically. numbers of responses 
with and without explanations are recorded. For qualitative analysis, responses without 
explanations are deleted from the working spreadsheet.
4.  FLC members meet to review and discuss student performance on the CI. quantitative 
data (pre- and post-test means) are reviewed and discussed by the group as a whole. For 
qualitative analysis, faculty members work in pairs with laptop computers to read and discuss 
student responses to different subsets of CI questions. Each pair then reports their major 
findings to the entire group for additional discussion. 
5.  FLC members summarize findings defining common misconceptions that lead students to 
select particular distractors.
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of us has used insights from HPI CI analysis to inform our teaching in various 
ways and support our development as informed educators. 
Creation of the vT Microbiology faculty learning Community
We in the UMD HPI FLC hypothesized that similar deep analysis of student CI 
responses would motivate the formation and success of new FLCs. To explore 
this notion, we brainstormed to identify a group of faculty members who might 
be interested in forming a community motivated by discussion of CI data. We 
decided to approach colleagues in the Department of Biological Sciences at VT. 
We chose this route as VT, like UMD, is a research university, we have col-
leagues in the department with research areas similar to ours, and the depart-
ment offers a full set of microbiology courses comparable to those at UMD. We 
found that as at UMD the faculty members at VT had a strong interest in teach-
ing microbiology, however meaningful discussions about student learning and 
large-scale collaborative projects were not occurring. 
We entered into a collaborative agreement with a set of VT faculty mem-
bers. As a result, in Fall 2010 the VT Microbiology (MICB) FLC was formed 
with eight members. The VT MICB FLC agreed to use the HPI CI for pre- and 
post-assessment of student learning in a set of microbiology courses. The group 
would then meet to discuss the data as we have done (Table 1). To support the 
VT FLC the UMD group served as mentors in the review and the evaluation of 
CI data. To this point, the VT MICB FLC has employed the HPI CI as pre- and 
post-surveys in four courses (two of which are offered every spring and three 
every fall) since 2011. The discussion of data has supported the development of 
the learning community as we hypothesized.
The benefIT of CI dIsCussIon In MoTIvaTIng suCCess 
of a faCulTy learnIng CoMMunITy
Above, we indicated the value UMD FLC members have placed on the discus-
sion of CI data in motivating participation in the FLC, and in curricular and 
pedagogical transformation efforts. Similarly, VT faculty members have been 
engaged by these discussions. On a recent survey of our communities, in re-
sponse to the question, “What impact has your participation in your FLC had 
on your teaching?” one VT faculty member reported that participation in the 
community encouraged him/her to “more formally link learning outcomes with 
class learning material and assessments.” Another VT faculty member wrote, “I 
have learned more about misconceptions that my students have before they 
reach my classroom, and the unexpected ways that they think about informa-
tion I present to them.”
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The success of the VT MICB FLC is further evidenced by significant cur-
riculum transformation. The community transformed the set of microbiology 
courses in their department into a full microbiology major program using the 
HPI CI as the assessment tool. Also, the group is now participating in STEM 
education research conferences, and several members are involved in national 
STEM education initiatives. Further, the UMD and VT groups are now working 
on a collaborative project to define common misconceptions among students 
entering a general microbiology course. This work is ongoing and we plan to 
publish it in a microbiology education journal.
lessons learned and aPPlICaTIon of fIndIngs
The UMD and VT communities have similar and distinct attributes (Table 2). 
As both communities exist at research universities, we each are composed of 
significant numbers of tenure/tenure-track faculty members who have both re-
search and teaching responsibilities. Each community meets a few times each 
semester, with the UMD group meeting more regularly over a longer span of 
time (10 years). Both communities have one of the community members serv-
ing as a facilitator who sets the agenda and prepares meeting materials and re-
ports. Similar drivers motivate both sets of faculty members including a desire 
for excellence in teaching, concern for student learning of important principles 
in microbiology, the goal of offering a curriculum where learning in one course 
builds upon the prior course, and an interest in contributing to the scholar-
ship of teaching and learning. The UMD FLC was formed with a stated main 
initiative to foster deep and research-oriented learning in HPI, whereas the VT 
group was motivated by the desire to create a new undergraduate major. For 
both communities, discussion of HPI CI data served to engage the members in 
the work of the community. For the UMD group, this began with the develop-
ment of the tool. Reading student explanations for selection of distractors was 
necessitated to validate the HPI CI. We found the analysis so interesting and in-
formative that we continued this work beyond the tool development stage, and 
analysis of CI data became a major part of the community work. VT adopted 
the UMD HPI CI and found the discussion of the data equally compelling. 
The UMD FLC was developed in response to a call for proposals and has 
had funding from a HHMI grant to the College of Chemical and Life Sciences. 
The group also successfully competed for NSF funding that provided support 
for two years. With funding, we benefited from support for a statistician, ex-
ternal evaluator of our work, graduate students, money for travel, and the op-
portunity to provide lunch at meetings. The VT group has had only limited 
funding from their Office of Assessment and Evaluation to support a part-time 
graduate student for one summer. The UMD team has had a science educator 
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as a long-standing member of the team who has introduced science education 
literature, assisted in curriculum design, pedagogy and assessment implemen-
tation, and supported the documentation and dissemination of the work.
Although the communities have distinctions, both have been successful on 
multiple levels: impacting courses, programs, and their institutions, as well as 
contributing to the national conversation of STEM reform.
Table 2: attributes of the uMd hPI flC and the vT MICb flC
Institution uMd vT
Membership 14 members including tenure/tenure 
track (9) and instructors (5)
8 members including tenure/tenure 
track (6) and instructors (2)
Meetings Three times/semester over lunch 
(1.5 hour) with half day working 
meetings between semesters
Two times/semester for 2 hours
Duration 2004–2015 2011–2015
Facilitator one team member serves role as 
facilitator




•	Desire for excellence in teaching
•	Concern for student learning of 
field 
•	 Learning progression within 
program
•	 Interest in producing publications 
on teaching and learning
•	Desire for excellence in teaching
•	Concern for student learning of 
field 
•	 Learning progression within 
program 
•	 Interest in producing 
publications on teaching and 
learning
FLC Main Initiative Foster deep and research oriented 
learning in host pathogen 
interactions
Assessment of new microbiology 
degree program expected by 
accreditation
Concept Inventory Created the hPI CI Adopted hPI CI
Funding Funding from nSF and hhMI that 
allowed support for





•	 Travel to meetings
Summer support for one part-time 




Science educator integral part of the 
team
Facilitator participated in science 
education programs including ASM 
Biology Scholars
UMD Science Educator provided 
assistance.
Facilitator participated in science 
education programs including ASM 
Biology Scholars
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There are some crucial elements important for maintaining a vibrant FLC. 
Each FLC meeting must be planned in an efficient manner to maximize the 
potential of the teamwork. The role of the community facilitator is essential for 
pre-meeting preparation, directing the meetings, and documenting progress. 
Further, there must be a link to the greater science education community, either 
by members attending conferences and reading the literature, or through the 
help of a science educator who supports the team in this manner. Limited fund-
ing may hamper the success of an FLC if members cannot attend conferences 
and if there is not sufficient support for data collection and organization.
In conclusion, we believe that FLCs that participate in discussion of assess-
ment data, like that collected from the implementation of a CI, provide the right 
mix of support and intellectual challenge to engage STEM faculty members and 
motivate them toward curriculum reform efforts. There is the myth that re-
search faculty members do not value their teaching mission to the same extent 
as their research. This is evidenced in that it is common for research faculty 
members to engage in frequent conversations with colleagues about research, 
while it is rare for these faculty members to discuss their teaching, attend STEM 
education conferences, or complete a serious analysis of student learning in 
their courses. Yet we are interested in being excellent teachers. The discussion 
of the CI data with colleagues has provided us an entrée into science education 
research and terminology, and a community with which to act on our interests 
in science education. 
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As institutions move to embrace evidence-based, student-centered instructional 
approaches, the faculty members who are at the center of acting upon that mis-
sion need to be supported as they themselves transition to new, unfamiliar, and 
sometimes daunting approaches. Not only do faculty need to become familiar 
with new pedagogies and possibly new technologies, they also need to learn 
how to help their students learn in these environments. The chapters in this 
section present a variety of perspectives on approaches to and results of dif-
ferent forms of faculty development. While they do not represent the entirety 
of faculty development literature, they represent the types of efforts that need 
to be an integral part of institutional transformation in STEM education. The 
Egan, et al., chapter describes an approach to faculty development that takes 
into account the specialized needs of the discipline in which faculty are teach-
ing, in contrast to a faculty development approach that serves all faculty on 
a campus with the same programs. The following chapter on faculty learning 
communities from Thompson, et al., presents details regarding the benefits and 
challenges of this approach to supporting faculty change. The next two chap-
ters, Owens and Mack, explore particular techniques that can help faculty de-
velop increased effectiveness and confidence in student-centered approaches 
to teaching, through the use and interpretation of concept maps or through in-
creasing cultural competence. The last two chapters in this section demonstrate 
the importance of giving faculty a voice in the process of change and of the 
faculty development itself. Hill examines the pedagogical content knowledge of 
faculty, the foundation upon which faculty teaching expertise is built. Carleton, 
et al., examine the effectiveness of a large-scale transformation project through 





A Disciplinary Teaching and Learning Center: 
Applying Pedagogical Content Knowledge 
to Faculty Development
Gili Marbach-Ad, Laura C. Egan, and Katerina V. Thompson 
There is widespread acknowledgement of a looming crisis in science, technol-
ogy, engineering, and mathematics (STEM) education (Arum & Roksa, 2001; 
President’s Council of Advisors on Science and Technology [PCAST], 2012). 
This crisis threatens the quantity and quality of future scientists, as well as the 
educators, entrepreneurs, and policymakers whose work requires scientific lit-
eracy. Averting this situation will require large-scale improvements in STEM 
curriculum and instruction at the undergraduate level. STEM faculty members 
and graduate students must be the change agents because of their important 
role in delivering education, and they cannot play this role without support. 
Research suggests some common impediments to improving curriculum 
and instruction: lack of pedagogical training for faculty members, which leads 
them to rely on the style of teaching in which they were taught; lack of insti-
tutional rewards for teaching; lack of time for re-conceptualizing classes and 
curricula; large class settings, which make it difficult to engage students; and 
student resistance to unfamiliar teaching styles. Most universities use some 
combination of two prevalent approaches to help faculty members overcome 
these impediments. The first approach consists of short but intensive profes-
sional development programming (e.g., summer teaching institutes) offered 
by disciplinary societies. The second approach is a campus-wide teaching and 
learning center that offers a-la-carte-style workshops and seminars that serve 
all disciplines. Both approaches can motivate faculty and introduce them to 
effective teaching approaches, but each has shortcomings. Campus-wide pro-
grams may be discounted by faculty members and graduate teaching assistants 
(GTAs) because these programs rarely offer discipline-specific teaching strate-
gies (Henderson, Beach, & Finkelstein, 2011). Both campus-level programs and 
short, intensive institutes may lack ongoing support for faculty members try-
ing to develop proficiency with new teaching approaches. Neither of these ap-
proaches focuses on institutional change at the level of the department, where 
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scientific professional identity resides (Wieman, Perkins, & Gilbert, 2010), al-
though some campus centers are now placing more emphasis on serving STEM 
faculty and building relationships with STEM departments. 
Building on Wieman et al.’s (2010) call to change departmental cultures at 
research universities to foster educational innovation in STEM fields, we present 
the disciplinary teaching and learning center (TLC) as an effective mechanism 
for supporting faculty members and graduate students to achieve sustained im-
provements in undergraduate STEM curriculum and instruction. We discuss 
the structure of the TLC, share evidence of its impact on faculty members and 
graduate students, and suggest effective practices for adoption of this model at 
other research universities. 
The dIsCIPlInary TeaChIng and learnIng CenTer Model
The TLC at the University of Maryland was established in 2006 to serve the 
faculty members and GTAs of the College of Chemical and Life Sciences, which 
encompassed three biology departments (Biology, Entomology, and Cell Biol-
ogy and Molecular Genetics) and the department of Chemistry and Biochem-
istry. These departments are comprised of approximately 200 faculty members 
(both tenure track and professional track), 400 graduate students, and 2,400 
undergraduate students. 
Our center provides professional development that reflects the importance 
of Pedagogical Content Knowledge (PCK) theory. PCK supports the special 
requirements for teaching within a particular discipline by integrating relevant 
content and the best pedagogical practices to teach this content (Shulman, 
1986). Building on PCK and discipline-specific norms and practices, the TLC 
familiarizes faculty members and GTAs with evidence-based practices and sup-
ports implementation of those practices in the classroom. TLC staff members 
have combined expertise in science and science education, and regularly col-
laborate with discipline-based education researchers.
The overarching goals of the TLC are to (1) provide opportunities for science 
faculty members to collaborate and consult with science education experts, (2) 
incorporate training in teaching science as part of the standard graduate pro-
gram, and (3) create a structured environment of teaching and learning com-
munities that support faculty members and graduate students in their efforts 
to identify appropriate content and adopt effective pedagogies. To accomplish 
these goals, the TLC provides a wide variety of resources and support to faculty 
members and GTAs (Figure 1), while continuously evaluating their needs and 
the effectiveness of resources provided. We elaborate on each of the TLC activi-
ties in the following pages.
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enrIChMenT PrograMs 
The TLC offers a variety of opportunities for faculty members, postdoctoral 
fellows, and GTAs to learn about effective teaching practices, and fosters dia-
logue about teaching and learning. The primary components of these enrich-
ment programs are (1) teaching and learning workshops, (2) Visiting Teacher/
Scholars, and (3) travel grants to attend off-campus teaching and learning con-
ferences and workshops. As the TLC has established its value within the col-
lege, attendance at TLC workshops and Visiting Teacher/Scholar seminars has 
grown. Workshops and seminars now average between 20 and 70 attendees rep-
resenting a variety of departments and positions. 
Teaching and learning workshops
Each semester, the TLC hosts one or more workshops open to all, as well as 
several luncheon workshops targeted at faculty members whose responsibilities 
focus primarily on teaching. Workshops follow varying formats, including in-
dividual presentations, panel presentations followed by questions and answers, 
fIgure 1: Primary professional development activities of the TlC 
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and small working groups. Some workshops are very specific to a single course 
or a sequence of courses, while others cover broader topics. Workshop topics 
are often suggested by faculty members and may highlight a successful prac-
tice or reflect a desire to learn more about an emerging approach. Other topics 
are chosen by the TLC staff members based on salience in science education 
literature. Examples of recent workshop topics are creating blended learning 
courses, optimizing the sequence of introductory courses, teaching with mod-
els and concept maps, and using student misconceptions to facilitate learning. 
We describe here two workshops that were designed to impact departmental 
culture and practices.
One of the first TLC workshops focused on the role of the GTA. In this 
workshop, faculty members and graduate students collaborated first in homog-
enous and then in heterogonous small groups to discuss how GTAs contribute 
to teaching and how their professional development and preparation could be 
enhanced. Based on participant feedback from end-of-workshop evaluations, 
both faculty members and GTAs found the workshop valuable and came away 
with a deepened understanding of the expectations, needs, and experiences of 
the other. One of the outcomes of this workshop was the implementation of 
mandatory, team-taught preparatory courses for biology and chemistry GTAs 
(described below). 
A subsequent workshop was organized at the request of the biology de-
partmental chair. This four-hour workshop, held during a departmental retreat, 
engaged faculty in developing a rubric for peer evaluation of teaching. As a 
result of this workshop, the biology department implemented a system of peer 
observation using the rubric they had created to provide formative feedback to 
faculty on their teaching. Each faculty member now is observed teaching twice 
each semester, and in turn observes and provides constructive feedback to two 
other faculty members. 
visiting Teacher/scholars 
The Visiting Teacher/Scholars program brings to campus those rare individu-
als who can serve as role models for the successful integration of teaching and 
scientific research. Each semester, the TLC hosts one Visiting Teacher/Scholar 
who spends two days meeting with faculty members and graduate students and 
offers a seminar on teaching and learning; some also give a seminar on their 
scientific research area. Visiting Teacher/Scholars represent a wide range of re-
search areas within the chemical and life sciences, in an effort to appeal to the 
college’s diverse faculty population.
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Travel grants to attend off-Campus Teaching and learning 
Conferences and workshops
In addition to offering enrichment activities on our own campus, the TLC of-
fers funding for interested faculty members and GTAs to travel to conferences 
and workshops on topics related to teaching and learning to enable them to 
learn about recent research on effective teaching practices and share ideas with 
the broader science education community. The TLC also encourages faculty 
members and GTAs to present their teaching approaches and research results at 
these meetings. The TLC assists presenters with preparing conference propos-
als, presentations, and proceedings papers. In the first eight years of the TLC 
(2006–2014), this resulted in 133 conference presentations and 34 publications.
aCCulTuraTIon of new faCulTy MeMbers
Incoming faculty members enter into new teaching positions with diverse back-
grounds and experiences, but often very little preparation for fulfilling their role 
as educators. Graduate programs generally prioritize training in research while 
providing limited or no formal training in teaching (Cox, 1995; Golde & Dore, 
2001; Handelsman, Miller, & Pfund, 2007; Luft et al., 2004). As they adjust to 
their new positions, many faculty members experience difficulties in effectively 
fulfilling their teaching responsibilities (Boice, 2011). Well-designed institu-
tional support and professional development programs can ease new faculty 
members’ transition and promote their development as effective science educa-
tors (Austin, Sorcinelli, & McDaniels, 2007). 
In the early years of the TLC, we sought to better understand our new fac-
ulty members’ backgrounds and needs through a longitudinal study of a cohort 
of eleven faculty members who came to our college in 2007. We interviewed 
each new faculty member when they arrived at the university to learn about 
their teaching philosophies, teaching challenges, and the kinds of support they 
felt they needed to further develop their teaching skills. We found that most 
new faculty members enter the college with little previous teaching experience 
and a wide variety of concerns related to curriculum, pedagogy, and time man-
agement (Marbach-Ad et al., 2014a, 2014b; Marbach-Ad, Egan, & Thompson, 
2015). 
These interviews helped us to develop an array of professional development 
activities to meet the varied needs of our new instructors.
•	 Welcome workshops: All new faculty members are invited to partici-
pate in a short workshop to open communication with the TLC, to 
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provide an overview of pedagogical approaches in the sciences, and to 
introduce them to online and institutional resources for teaching and 
learning. 
•	 Welcome packet: Each new faculty member receives a packet of mate-
rials that includes reference books on effective teaching (e.g., Handels-
man et al., 2007; McKeachie & Svinicki, 2006), influential reports from 
national science organizations (e. g., American Association for the 
Advancement of Science [AAAS], 2010), seminal science education 
papers, and guides on the effective use of technology in the classroom.
•	 Workshops and seminars: We encourage new faculty members to 
participate in the TLC’s workshops and seminars on science teaching 
and learning and connect new faculty members to relevant workshops 
hosted by the campus-wide Center for Teaching Excellence and the 
Division of Information Technology. 
•	 Individual consulting: New faculty members who require targeted or 
supplemental support may make appointments to meet with TLC staff 
members for individual consulting. 
•	 Faculty learning communities: We encourage new faculty members 
to join on- and off-campus FLCs that are relevant to their teaching 
interests.
After three years, we conducted a second round of interviews with these 
faculty members to gauge their teaching development and acculturation into 
the college. In these interviews, faculty members discussed how their teaching 
philosophies had evolved as a result of their participation in TLC activities. 
The teaching philosophies that were expressed by faculty members generally 
developed in accord with national recommendations for effective teaching 
(Handelsman et al., 2007; AAAS, 2010). These philosophies include teaching 
for understanding instead of memorization, interacting with and engaging stu-
dents, tailoring instruction to the diversity of students in the class, applying 
course material to everyday life, teaching with an interdisciplinary approach, 
and connecting course material to science research (Marbach-Ad et al., 2014a, 
2015).
one-on-one ConsulTaTIon wITh faCulTy MeMbers 
In addition to the enrichment programs that are designed to appeal to broad 
swaths of college faculty members, the TLC offers one-on-one support in re-
sponse to the specific needs of individuals. Consulting, as a highly personalized 
and context-specific support, can help faculty members overcome the barriers 
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they face in implementing changes in their teaching (Hativa, 1995). Our con-
sulting relationships generally begin with an individual faculty member com-
ing to the TLC director with a specific question about a course that he or she is 
teaching. TLC staff members then offer highly individualized support on topics 
including changing course curriculum, implementing new pedagogies appro-
priate to the course content and the instructor’s strengths, reviewing student 
course evaluations and responding to issues raised in those evaluations, de-
signing formative and summative assessment tools, and observing classes to 
provide constructive feedback. 
In addition to consulting on curricular change and pedagogical implemen-
tation, the TLC also supports faculty members in preparing grant proposals 
for science education initiatives. In this role, the TLC staff members actively 
encourage faculty members to apply for grants, share resources and knowledge 
relevant to the teaching and learning aspects of the grant, and assist with writ-
ing components of the grant proposal. Many scientific research grants now re-
quire a demonstration of impact beyond the discovery of new knowledge (e.g., 
National Science Foundation Broader Impacts). TLC staff members assist with 
measuring this impact, as well as connecting the grant writers to other faculty 
members with similar education and outreach interests.
ConsulTaTIons for faCulTy learnIng CoMMunITIes
The TLC encourages faculty member involvement in a variety of FLCs that 
facilitate curricular redesign and support faculty members in their efforts to 
adopt innovative teaching strategies. These FLCs focus variously on gateway 
introductory courses, thematically linked sequences of upper-level courses, and 
the interface between related science disciplines (e.g., biology/mathematics and 
biology/physics). Our communities foster productive collaborations between 
lecturers, tenure-track faculty members, graduate students, and science educa-
tion specialists, and provide opportunities for experienced instructors to men-
tor novice instructors. The teamwork that develops within communities creates 
a supportive environment that promotes faculty exploration of innovative 
pedagogies, and TLC staff members provide resources related to these innova-
tive pedagogies. Such ongoing teamwork also makes it more feasible for faculty 
members to engage in and obtain grant funding for large-scale initiatives. 
One of the longest standing communities in the college is the Host-Patho-
gen Interaction (HPI) FLC. This community includes approximately 20 faculty 
members with a shared research interest in HPI who are collectively responsible 
for nine undergraduate courses that relate to HPI. The HPI FLC meetings are 
analogous to their regular research meetings, and the group has met monthly 
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since 2004 to discuss topics related to teaching and learning. Through these 
monthly meetings and periodic full-day retreats, the HPI FLC has mapped cur-
riculum to reduce overlap and fill gaps across courses, created course activities 
that integrate content across courses, and developed assessment tools for gaug-
ing student conceptual understanding (Marbach-Ad et al., 2007, 2009, 2010). 
PrograMs for graduaTe sTudenTs 
Graduate teaching assistants (GTAs) play a pivotal role in undergraduate 
education by leading laboratory and discussion sessions of high-enrollment 
introductory courses. Training for GTAs is important, not only to improve 
their ability to perform this role, but also for their professional development, 
as many of our GTAs plan to pursue careers that involve teaching in some 
capacity. Our programming for graduate students in chemistry and biology 
includes mandatory components for all new GTAs and optional components 
for graduate students with an interest in gaining further expertise in teaching 
and learning.
gTa Preparatory Courses
A six-week mandatory preparatory course for all new GTAs is offered every fall 
in separate sessions for graduate students in biology and chemistry (Marbach-
Ad et al., 2010; Marbach-Ad, Schaefer, Kumi, Friedman, Thompson, & Doyle, 
2012). These courses were developed around three major goals: (1) to build a 
community for new GTAs and socialize them into their respective departments; 
(2) to model good teaching by employing strategies that have a research base 
in support of their effectiveness; and (3) to help GTAs to understand their roles 
within the department and the course that they will be teaching. The preparatory 
courses are team-taught and cover multiple topics, including communication 
skills, student assessment, and teaching strategies. Every course also integrates 
veteran GTAs and faculty members who share their experience and answer any 
questions that the new GTAs may have. Some preparatory courses conclude 
with individual classroom observations in which one of the preparatory course 
instructors observes the GTA teaching and provides constructive feedback. A 
formal evaluation of the preparatory course for chemistry GTAs (Marbach-Ad, 
Schaefer, Kumi, et al., 2012) showed that those who had completed the prepara-
tory course, on average, received significantly higher scores on student course 
evaluations than the cohort of new GTAs in the year prior to the establishment 
of the preparatory course for measures such as effective teaching, respecting 
students, and the instructor’s level of preparation for course sessions. 
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Prior to the creation of the TLC, the Chemistry and Biochemistry Depart-
ment did not offer teaching preparatory courses for new GTAs, while in the life 
sciences each department offered a different version of the course. The TLC 
staff members not only consulted with departmental representatives in design-
ing these courses, but also helped teach the courses. The TLC also catalyzed the 
collaboration between the three life sciences departments, which resulted in a 
team-taught course that leveraged the expertise of the three departments and 
built community among GTAs from the three departments who were teach-
ing the same course within the introductory curriculum. This collaboration be-
tween the TLC and the departments resulted in substantial, long-lasting change 
to departmental policy and practice, such as making the prep course manda-
tory for all new GTAs and involving a large number of faculty members and 
experienced GTAs in delivering instruction.
university Teaching and learning Program (uTlP)
For graduate students who want additional training and a teaching certificate 
that is included as a notation in their diploma, the TLC partners with the cam-
pus Center for Teaching Excellence to offer an optional, extensive University 
Teaching and Learning Program (UTLP). The philosophy behind the UTLP is 
that graduate students’ preparation for their future careers would benefit from 
training in teaching as well as training in research, particularly for students who 
plan to seek positions involving instruction or, more broadly, communicating 
science to broad audiences. 
The UTLP requires multiple components that enrich graduate students 
with knowledge, skills, and experience. At a minimum, these components in-
clude the following: 
•	 Completing a two-credit science education course 
•	 Participating in seven teaching and learning workshops
•	 Being mentored in teaching by a science faculty member
•	 Observing classes taught by experienced faculty members
•	 Developing a teaching portfolio
•	 Conducting a teaching project 
Students participating in the UTLP found that it strengthened their teach-
ing skills, provided opportunities for publications and for presentations at 
science education conferences, and enhanced their attractiveness as job can-
didates (Marbach-Ad et al., in press). As one of the GTAs remarked, “Doing 
the research project and having more of a background in science education 
research sets you apart from other applicants in the hard sciences.”
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MonITorIng and evaluaTIon of The TlC and ITs aCTIvITIes 
Through ongoIng researCh
While the TLC provides a comprehensive package of professional development 
activities, it also continually monitors the needs of its audience and evaluates 
the success of its activities. This research employs multiple assessment tools and 
methods, including pre- and post-surveys, observations, and interviews (see 
http://cmns-tlc.umd.edu/ for tools and literature). The TLC uses its research 
findings to inform program activities; to build credibility within the target de-
partments, college, and broader community; and to add to the growing body of 
literature on evidence-based teaching approaches and effective professional de-
velopment. These research and evaluation activities require considerable time 
and effort but are crucial to the success of the TLC.
The TLC’s multi-level evaluation plan includes measures of participation, 
satisfaction, learning, application, and impact (Colbeck, 2003; Guskey, 2000; 
Kirkpatrick, 1998). Given the growing body of research that suggests that fac-
ulty members face significant barriers in implementing desired changes in their 
teaching (e.g., Dancy & Henderson, 2008; Henderson et al., 2008), we focus 
a great deal of attention on the application level and how this reconciles with 
faculty beliefs about how they should be teaching. Faculty beliefs influence their 
practices; however, sometimes practices do not align with beliefs because of 
impediments to the adoption of new practices and/or resistance to these new 
practices at the institutional, instructor, or student level. 
The TLC periodically collects data from the three principal populations 
that are impacted, directly or indirectly, by its services: faculty members, gradu-
ate students, and undergraduate majors. Analyzing the three population data 
sets provides insight into faculty and students’ beliefs and use of instructional 
practices to understand progress in implementing changes in teaching across 
the college (Marbach-Ad, Schaefer, & Thompson, 2012, 2014b). Additionally, 
the data that we collect from these three populations afford us a cross-sectional 
view that can help us understand where we can target our professional devel-
opment. For example, science education researchers suggest that working in 
groups and collaborative learning at the undergraduate level is important for 
course-related learning as well as students’ preparation for their future careers 
(Ebert-May, Brewer, & Allred, 1997; Hake, 1998). Through our surveys, we 
found that only about half of the faculty (55%) and undergraduates (50%) we 
surveyed placed importance on working in groups at the undergraduate level. 
We also found strong correlations between the faculty’s rated importance of 
group work and its use in class (Spearman’s r=0.46, p<0.01) and outside of class 
(Spearman’s r=0.31, p<0.05). Our finding that only half of faculty members 
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employ group work inside or outside of class may reflect the logistical difficul-
ties in designing and facilitating productive group-work in large undergraduate 
classes. Based on this finding, the TLC hosted a Visiting Teacher/Scholar who 
spoke about and provided examples of effective group activities for large under-
graduate courses. TLC staff members also offer ongoing support to individual 
faculty in the development and implementation of group study activities.
refleCTIons and fuTure dIreCTIons
Within a span of eight years, the TLC has developed into a valued resource 
within the college. It provides a wide variety of support and scaffolding to an 
expanding population, including faculty members, postdoctoral students, and 
graduate students in multiple science departments. The TLC conducts regular 
needs assessments and evaluates the effectiveness and comprehensiveness of 
the resources provided. This allows us to maintain relevancy and enhance the 
utility of TLC offerings, so that the TLC adapts to the changing needs and grow-
ing capacities of its audience. Conducting research on all activities, as well as 
periodic surveys of all faculty and graduate students about their teaching beliefs 
and practices, provides important information for developing new activities, 
improving existing activities, and reaching out to new audiences. 
The Importance of discipline-based Professional development
The disciplinary nature of the TLC is critical to its success. The strength of the 
disciplinary teaching and learning center model is that the professional devel-
opment is not only linked to the disciplinary content and PCK, but is also inte-
grated into the departmental community structure in a way that is not possible 
in campus-wide teaching centers or disciplinary society programs.
Faculty members and graduate students see the professional development 
provided by the TLC as relevant mainly because the TLC is housed within the 
college that it serves and is staffed by education specialists with strong creden-
tials and credibility in the target disciplines. Our disciplinary focus also means 
that all professional development happens within the context of an existing and 
enduring community. Faculty members who participate in professional devel-
opment activities do so alongside their departmental colleagues, with whom 
they collaborate on an ongoing basis in their teaching, research, and service 
roles. By connecting the professional development with these departmental col-
laborations, the TLC is able to impact the departmental culture. This model 
therefore facilitates institutional and cultural change that can be difficult to 
achieve through summer teaching institutes or campus-level professional de-
velopment initiatives that generally work with faculty members who do not 
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share an existing and enduring community. Similarly, graduate students benefit 
from receiving training within their own department. The initial training pro-
grams occur within an existing cohort of incoming students, which promotes 
collaboration within the cohort as well as integration into the broader commu-
nity of graduate students in the department. 
We are aware that there are potential drawbacks to the discipline-based 
model. One drawback is the potential for redundancy between disciplinary and 
campus-wide teaching and learning centers. Our TLC was developed as part of 
an effort of the campus Center for Teaching Excellence to establish disciplin-
ary satellite centers that could extend campus-level activities and provide more 
specialized support. We work collaboratively with the campus center to promote 
programs that are of general interest, and we encourage our faculty and graduate 
students to participate in programs that do not require a disciplinary context. 
For example, we refer our UTLP graduate students to the teaching portfolio re-
treat offered by the campus center, instead of duplicating this program. 
Another potential drawback is the perpetuation of academic silos and loss 
of interdisciplinary interactions. To encourage these interactions, we often con-
vene FLCs that are focused on the interface between disciplines and include 
faculty from other departments. For example, the TLC supports communities 
that include faculty members from the disciplines of biology, physics, and edu-
cation. In addition, our workshops and seminars are open to the campus com-
munity and typically draw a diverse audience, which sparks interdisciplinary 
conversation and can lead to more extended collaborations.
We believe that the importance of PCK and embedded, discipline-specific 
professional development applies not just to the sciences but to all disciplines. 
While our TLC was developed to serve the specific needs of the chemistry 
and biology departments within our specific university context, this model is 
broadly applicable to other STEM disciplines and to other research universities. 
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Student-centered, active-learning strategies (e.g., engagement with subject mat-
ter, problem solving, critical thinking) far surpass traditional, teacher-centered 
approaches (e.g., listening, reading, rote memorization) in motivating students, 
supporting deep understanding, and preparing students for future academic 
and career success (Handelsman et al., 2004; Hurtado et al., 2010; Arum & 
Roksa, 2011; Derting & Ebert-May, 2011; Freeman et al., 2014; Franklin, Sayre, 
& Clark, 2014). However, university faculty have been slow to embrace these 
more effective approaches due to lack of formal training in teaching, minimal 
interaction with science education experts, time constraints, and weak institu-
tional support (Wieman, Perkins, & Gilbert, 2010). 
STEM teaching reform efforts, such as teaching institutes and disseminat-
ing evidence of effective practices, have primarily been aimed at the level of the 
individual and have largely fallen short of expectations (Finelli, Pinder-Grover 
& Wright, 2014; Ebert-May et al., 2011; Austin, 2011; Fairweather, 2006). This 
lack of success is not surprising, since teaching reform is not simply a matter of 
increasing faculty awareness of recommended practices, but of engaging them 
in an ongoing process of evaluation and reflection that enables them to imple-
ment those practices thoughtfully and effectively (Smith & Marbach-Ad, 2010; 
Marbach-Ad et al., 2010). Faculty members typically work in isolation, rather 
than approaching teaching as a shared responsibility, which compounds the 
problem by slowing the propagation of innovative and effective teaching prac-
tices. The most promising approaches for catalyzing change are those with an 
institutional focus that is rooted in disciplinary cultures and that recognizes the 
essential role of ongoing peer support, such as that provided by faculty learning 
communities (Fairweather, 2008; Austin, 2011; Henderson, Beach, & Finkel-
stein, 2011). 
Faculty learning communities (FLCs), in which groups of faculty meet 
regularly around shared interests and goals, have been touted as an efficient, 
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sustainable means of overcoming the isolation and lack of pedagogical exper-
tise that constitute barriers to educational reform (Yoder, 2013). The collab-
orative approach to improving teaching that is embodied by FLCs has a long 
history that can be traced back to Dewey (1916). FLCs are a form of community 
of practice (Wenger, 1998) that provide a supportive structure for faculty to 
rethink and transform their teaching practices (Cox, 2004; Layne et al., 2002). 
FLCs are thought to help instructors implement changes to teaching, curricu-
lum, and assessment (Demir & Abell, 2010; Lakshamanan et al., 2011; Vescio, 
Ross, & Adams, 2008), leading to deeper and more durable student learning 
(Cox, 2004; Dawkins, 2006; Silverthorn, Thorn, & Svinicki, 2006). 
Cox (2004) strongly advocated the use of communities for improving teach-
ing and provided a formal definition for FLCs based on their implementation 
at his institution, Miami University. He described FLCs as “a cross-disciplinary 
faculty and staff group of six to fifteen members (eight to twelve members is the 
recommended size) who engage in an active, collaborative, yearlong program 
with a curriculum about enhancing teaching and learning and with frequent 
seminars and activities that provide learning, development, the scholarship of 
teaching, and community building” (Cox, 2004, p. 8). He further character-
ized FLCs as being either cohort-based or theme-based. Cohort-based FLCs 
involved individuals with similar educational ranks, roles, or experiences (e.g., 
junior faculty or graduate students). Topic-based FLCs involved individuals of 
differing ranks or roles who gathered around a specific educational issue or goal 
(e.g., teaching with technology, or enhancing the first-year student experience). 
In this essay, we take a more expansive view and consider FLCs as any regular 
gathering of multiple university educators with shared objectives related to en-
hancing student learning and/or educator teaching expertise. While the explicit 
goal of a given FLC may relate to one of these objectives, they are so tightly 
interlinked that, in practice, improving one will almost certainly have a positive 
impact on the other.
faCulTy learnIng CoMMunITIes as an 
InsTITuTIonal Change sTraTegy
The University of Maryland (UMD) has been establishing FLCs for over two 
decades to enhance faculty teaching expertise and support a range of campus-
wide educational initiatives (Benson et al., 2013). The earliest FLCs were a col-
laborative effort of the UMD Office of Undergraduate Studies and Center for 
Teaching Excellence, and their membership was drawn from all campus units. 
The first FLC consisted of a group of about a dozen faculty selected through 
a competitive application process who met weekly for an academic year for 
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discussion and to carry out a group project related to teaching and learning. 
This group was responsible for launching several enduring campus-wide ini-
tiatives, including the annual Undergraduate Research Day, a campus-wide 
system for student evaluation of courses, and an annual departmental award 
for excellence in undergraduate education. Subsequent FLCs have been orga-
nized around specific themes that are institutional priorities, for example shift-
ing courses from traditional lecture to a technologically enhanced mode and 
developing courses that fulfill the requirements of our new General Education 
framework. 
At the level of the College of Computer, Mathematical, and Natural Sciences 
(CMNS), curricular and professional development initiatives are supported 
by our discipline-based Teaching and Learning Center (TLC) (Marbach-Ad, 
Schaefer, & Thompson, 2012; Marbach-Ad, Egan, & Thompson, 2015). The 
TLC seeks to increase faculty buy-in and participation by focusing specifically 
on university science teaching and supporting the development of disciplinary 
instructional expertise (Pedagogical Content Knowledge, Shulman 1986a,b). In 
addition to hosting workshops and offering individual consultation, the TLC 
supports a variety of FLCs that promote curriculum redesign, help faculty de-
velop innovative teaching approaches, and gather evidence of the impact of 
these reforms. Many of these FLCs were established in support of biological sci-
ences curriculum initiatives funded by a succession of grants from the Howard 
Hughes Medical Institute.
TLC involvement in CMNS-centered FLCs has fostered opportunities for 
faculty members to have ongoing interactions with discipline-based education 
researchers and science education specialists. The main roles of TLC staff are to 
(1) increase faculty awareness of relevant science education literature; (2) assist 
with the development and adoption of new pedagogies; (3) provide guidance 
on the selection, development, and validation of instruments to assess student 
learning and attitudes; and (4) document the science education reform initia-
tives and disseminate their outcomes via scholarly conferences and journals. 
FLC members are encouraged to take a leading role in these dissemination ef-
forts, as a way of further integrating them into the national science education 
community. This has resulted in over 100 presentations at science education 
conferences and 28 papers in peer-reviewed journals.
FLCs have resulted in tangible changes in the UMD undergraduate cur-
riculum, including the development of new courses (Calculus for the Life Sci-
ences: Thompson et al., 2013b; NEXUS/Physics for the Life Sciences: Redish et 
al., 2014; Principles of Microbiology: Marbach et al., 2010; Marquee Courses 
in Science and Technology and I-Series courses, www.gened.umd.edu). In ad-
dition, community efforts have garnered over $2.7 million in grant funding 
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to support their efforts, including grants from the National Science Founda-
tion, the University System of Maryland, and the UMD Teaching and Learning 
Transformation Center. 
Our experience has shown that education reform initiatives that originate 
in communities of faculty have greater impact and sustainability than those that 
are the province of a single faculty member. Social networks analysis of UMD’s 
10-year effort to strengthen quantitative reasoning in the biological science cur-
riculum revealed two characteristics that contributed to the success of broad 
curricular reforms. First, the communities were characterized by ongoing in-
teractions between faculty members from different, but interlinked, disciplines. 
Second, several key individuals participated in multiple communities over suc-
cessive years, which facilitated the spread of teaching innovations across the 
curriculum (Thompson et al., 2013b).
PoTenTIal benefITs of faCulTy learnIng CoMMunITIes 
While individual FLCs may have been established to achieve a specific individ-
ual, course, academic program, or institutional goal, it is likely that benefits ac-
crue at multiple levels since these various levels of the institutional organization 
form a nested series (Fig. 1). For example, FLCs that are convened to advance 
institutional agendas often simultaneously provide participants with individual 
benefits comparable to that which they would have acquired in an individually-
focused FLC. Below we discuss the types of benefits that might be expected to 
accrue as a result of faculty participation in FLCs and provide examples from 
our experience at UMD.
fIgure 1. faculty learning Communities are likely to have benefits at multiple levels of 
institutional organization, since these form a nested series.
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FLCs can provide a variety of benefits to individual faculty members, and 
many are convened specifically with these goals in mind (Marbach-Ad et al., 
2007). Benefits include the opportunity for exchanging of ideas and experi-
ences related to teaching and having near-peer role models for effective teach-
ing. This provides members with moral support for trying out new approaches, 
as well as the opportunity to troubleshoot and gather feedback on the success 
of those efforts. Experienced FLC members can serve as mentors for new fac-
ulty members, facilitating their transition into teaching. Our research shows 
that individuals in FLCs place a higher value on and are more likely to use 
student-centered teaching practices (Marbach et al., 2014), although we could 
not distinguish whether FLC participation caused changes in beliefs and prac-
tices, or whether student-centered faculty were simply more likely to join FLCs. 
While these FLCs may be established primarily to assist individuals in their 
development as effective teachers, the interactions that occur within the FLC 
help establish departmental and institutional expectations related to teaching. 
Moreover, the very existence of institutionally supported FLCs sends a clear 
message that teaching is valued. 
The most basic form of individually focused FLC at UMD is a loosely struc-
tured gathering of individuals with a shared interest in discussing topics related 
to teaching and learning. This is exemplified by the College of CMNS lectur-
ers’ luncheons. The luncheons are organized by the administrative staff of the 
CMNS dean’s office and usually have a specific theme that is salient to the fac-
ulty with primarily teaching responsibilities (e.g., teaching approaches for the 
large lecture class, discouraging plagiarism). These loosely knit gatherings typi-
cally attract 15–20 individuals from among the approximately 80 professional-
track faculty within the college’s 10 departments. 
FLCs can also be established to coordinate teaching efforts at the level of 
a particular course. These course-focused FLCs facilitate effective teaching in 
large-enrollment courses and maintain consistency of instructional approaches 
when there are multiple instructors. For example, the UMD General Microbiol-
ogy course has a well-defined structure that incorporates a variety of collabora-
tive and active learning approaches (e.g., case studies, online discussions, group 
projects). This curriculum was created by a multi-level teaching team that in-
cluded instructors, laboratory coordinators, graduate teaching assistants, and 
undergraduate assistants who engaged in iterative cycles of course assessment 
and revision (Smith et al., 2005). 
Course-focused FLCs can also enable collaborative curriculum develop-
ment, especially when the FLC is composed of individuals with complemen-
tary expertise. This is exemplified by the NEXUS/Physics FLC, which brought 
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together physicists, biophysicists, biologists, and science education specialists 
to create an innovative, fundamentally multidisciplinary introductory physics 
for life sciences course (Thompson et al., 2013a, Redish et al., 2014). Since its 
inception five years ago, this FLC has created new lecture and lab curricula; 
written a wikitext to replace conventional, disciplinary textbooks; collected as-
sessment data on the effectiveness of the new curriculum; and provided support 
to new faculty who join the teaching rotation for this course. 
FLCs can also provide multiple benefits at the level of the department or 
academic program, which has been recognized as the critical unit of change 
within the university (Quardokus & Henderson, 2014; Wieman et al., 2010; 
Marbach et al., 2015). They can ensure comprehensive content coverage across 
multiple courses in the curriculum and help minimize redundancy within a 
degree program. For example, a curriculum mapping project conducted by the 
UMD’s Host-Pathogen Interactions FLC revealed that none of the courses in 
the microbiology degree program covered a key learning objective set by the 
group (Marbach-Ad et al., 2009, 2010). FLCs can foster consistency in peda-
gogical approaches within an academic program. This unified front can help 
overcome the oft-reported student resistance to instructional approaches that 
require increased student engagement and effort (Shimazoe & Aldrich, 2010; 
Henderson & Dancy, 2011; Finelli, Daly, & Richardson, 2014). FLCs allow 
faculty to build consensus around programmatic learning goals and collect 
data to evaluate whether these goals have been met, as now required by many 
higher education accrediting bodies (Beno, 2004; Provezis, 2010). Finally, 
FLCs built around program-level objectives are particularly well positioned 
to capitalize on large scale funding opportunities offered by foundations and 
federal agencies.
One of the longest standing uses of FLCs is to advance institutional educa-
tional agendas. These communities often consist of highly accomplished and 
respected faculty members who can serve as change agents in their respective 
departments. These FLCs are characterized by a high degree of disciplinary di-
versity, and as such, are ideal venues for facilitating interdisciplinary collabo-
rations and developing multidisciplinary academic programs. When UMD 
launched its new General Education framework, FLCs were a critical element 
of the implementation plan (Benson et al., 2013). The signature element of the 
new General Education framework is the “I-Series” introductory-level course. 
Rather than being broad, shallow surveys of a particular discipline, I-Series 
courses instead focus on how disciplinary experts approach current, com-
plex questions of importance to society. Faculty seeking to develop an I-Series 
course are expected to participate in an FLC that provides enrichment and 
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opportunities to share their experiences implementing the new courses. This 
approach has made the creation and continual improvement of these unique 
courses less onerous for faculty and has ensured that the General Education 
framework is translated into practice with fidelity to the original vision. 
a Model for faCulTy learnIng CoMMunITy IMPaCT
While there is widespread consensus that FLCs enhance undergraduate edu-
cation, empirical support for this contention is sparse. In addition, FLCs can 
vary widely in their goals, format, membership, and longevity, even within a 
given institution. There is a need for a better understanding of the attributes 
that contribute to the success of communities and the mechanisms by which 
these successes are achieved, to provide guidance to academic leaders who seek 
to use FLCs to facilitate institutional change. We describe a conceptual model 
for investigating the effect of FLC participation on undergraduate instruction at 
multiple levels of institutional organization.
We posit that the impact of FLCs on faculty teaching beliefs and practices 
is mediated by the psychological sense of community, defined by McMillan and 
Chavis (1986, p. 9) as “a feeling that members have of belonging, a feeling that 
members matter to one another and to the group, and a shared faith that mem-
bers’ needs will be met through their commitment to be together.” Sense of 
community is a central concept of social psychology and has served as a frame-
work for investigating the dynamics and impacts of a variety of different types 
of communities, ranging from urban neighborhoods to workplaces to univer-
sity living-learning programs (Hanley, 2011). 
We propose a multi-faceted conceptual model (Fig. 2) for characterizing 
the effect of FLCs on undergraduate instruction. Briefly, we recognize that there 
exists considerable variability in community attributes, as well as variability 
in personal attributes of the individuals who comprise communities. These 
individual and community attributes collectively influence the experience of 
individuals within that community, and are likely to result in affective and at-
titudinal changes in the participating faculty (i.e., an enhanced psychological 
sense of community). 
We posit that individuals with a strong sense of community will show 
greater involvement in the work of their community (e.g., by regularly attend-
ing community meetings and participating in the community over an extended 
time period). These positive experiences may also motivate them to join addi-
tional communities. This essentially creates a positive feedback loop in which 
faculty members with a growing sense of community increase their level of 
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engagement and commitment in communities, which, in turn, would further 
intensify their sense of community. 
In addition, we hypothesize that sense of community affects teaching be-
liefs and practices, particularly the degree to which faculty value and use stu-
dent-centered teaching approaches. We think that it is important to measure 
beliefs and practices separately, because valuing an approach is a necessary, but 
not sufficient, step to adopting that approach, and it is possible that FLC par-
ticipation affects one but not the other. This positive influence of communities 
on faculty affect and attitudes could ultimately have broader impacts beyond 
individual teaching beliefs and practices. These might include influencing the 
teaching practices of colleagues who are not themselves FLC members, and cat-
alyzing changes in the culture of teaching at the departmental and institutional 
levels.
fuTure dIreCTIons
Faculty learning communities hold great promise for catalyzing change at mul-
tiple levels of institutional organization, but empirical evidence of their impact 
is scarce. Furthermore, the mechanisms by which these effects are produced are 
unclear. We propose a conceptual model that can be used to elucidate each of 
these effects and their mechanisms. The resultant data will provide a roadmap 
for creating and supporting FLCs as a means of transforming institutions.
fIgure 2. a conceptual model for how individual, departmental, and institutional 
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STEM Faculty Perceptions of Concept 
Map Assessments
Lindsay Owens, Chad Huelsman and Helen Meyer
In their 2011 literature review of undergraduate STEM faculty instructional 
practices and changes, Henderson, Beach, and Finkelstein developed an ana-
lytical framework for delving into changes in STEM instruction in institutions 
of higher education. This desire for improving faculty instructional practices 
was seen in the reports of different national commissions and increased fund-
ing for research in undergraduate STEM teaching (Labov, Singer, George, Sch-
weingruber & Hilton, 2009). These efforts mirror attempts to enhance STEM 
teaching and learning in K–12 education, which we now see codified into A 
Framework for K–12 Science Education: Practices, Crosscutting Concepts, and 
Core ideas (National Research Council, 2012). With these dual points of pres-
sure, national reports of teaching and learning in higher education and new 
standards in K–12, there is hope that college STEM faculty are increasing their 
awareness and use of instructional practices that result in greater student learn-
ing. The importance of improved instruction by college faculty is critical when 
we consider that college STEM faculty are often seen as instructional leaders, 
deemed crucial in the development of K–12 STEM teachers, by leading profes-
sional development (PD) activities based on the new standards. 
However, Coppola and Krajcik (2013) argue that college STEM faculty 
often lack the foundational pedagogical knowledge and appropriate instruc-
tional skillsets to support K–16 learners. They suggest that, even though college 
faculty have earned advanced degrees, they do not necessarily have the interest, 
awareness, or ability to convey the complexities of their field to the more novice 
learner. Part of this inability could be related to instructional strategies used by 
STEM college faculty in their delivery. Seymour and Hewett in 1997 reported 
on the poor teaching practices pervasive in most college STEM courses, which 
focused on a teacher-centered information delivery system, as opposed to a 
learner-centered knowledge construction system. Padilla and Cooper (2012) 
further shed light on the issue with a focus on STEM faculty’s use of tradi-
tional assessment techniques promoting rote recall of factual information. Even 
though traditional instructional and assessment techniques have a place within 
the classroom, Dauer, et al., (2013) have asserted it is time for STEM faculty to 
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change traditional behaviors and diversify their “teaching toolbox” to include 
techniques promoting conceptual understanding. 
In 1991, Novak built a case for the use of concept maps: a graphic metacog-
nitive tool used to organize and assimilate existing knowledge with the mean-
ingful learning of new concepts. As end-point (summative) assessments, or 
pre-instruction and formative assessments, concept maps have been shown to 
assist higher education faculty in reflecting about their teaching (Irons, 2008). 
In addition, concept maps make learning, as opposed to grading, the center-
piece of assessment. Based on the arising tension between STEM classes as an 
avenue for learning versus simply instruction, we argue if college STEM faculty 
can be enticed to diversify their assessment practices through the use of concept 
maps we can assist in the improvement of STEM instruction.
The goal of this research was to understand how a small group of STEM 
faculty interpreted student concept maps as a reflection of learning. The faculty 
were presented with 1) a quantitative gain score resulting from the pre- and 
post-course concept maps; and 2) qualitative structural changes represented in 
the pre- and post-course concept maps. The following research questions were 
addressed in this research: 
•	 How do science and engineering faculty understand student concept 
maps as reflections of students’ content knowledge?
•	 How do science and engineering faculty interpret the changes in the 
students’ pre- and post-course concept maps as a reflection of stu-
dents’ learning?
•	 Do science and engineering faculty reflections regarding changes in 
student pre- and post-course concept maps, impact faculty reflections 
regarding changes in their teaching?
TheoreTICal foundaTIons
Since 1972, concept maps (Figure 1) have been used to support learners with 
the organization and assimilation of concepts (Novak, 1998) in a wide range of 
science disciplines, including: chemistry, psychology, nursing, pediatrics, and 
engineering (Jacobs-Lawson & Hershey, 2002; Markow & Lonning, 1998; Srini-
vasan, McElvany, Shay, Shavelson, & West, 2008; West, Pomeroy, Park, Gersten-
berger, & Sandoval, 2000). 
The visualization process that occurs while students arrange their concep-
tual structures on maps can be useful to both the learners and teachers. Con-
cept maps are useful as a formative instructional tool to understand students’ 
 STEM FACULTy PErCEPTIonS oF ConCEPT MAP ASSESSMEnTS 327
content misconceptions (Novak & Gowin, 1984; Novak, 1998). Students’ sci-
ence misconceptions often go unaddressed or unchallenged by instructors, 
which can leave students with an incomplete or erroneous understanding of 
the conceptual connections within the content. Concept maps are also useful 
for educators as a form of assessment that accurately displays students’ concep-
tual understanding of a topic. Concept maps are metacognitive tools that allow 
learners to visualize their “conceptual structures” (Chinn & Samarapungavan, 
2009). Specifically, a student’s misconceptions are not part of his/her knowl-
edge, however, they are still part of the student’s conceptual structure of the 
topic or concept. Finally, Chinn and Samarapungavan (2007) stress the idea of 
conceptual structure, or organizational structure that includes hierarchies and 
the relationships between concept components. 
In summary, concept maps are useful formative and metacognitive tools for 
the learners, as well as assessment instruments for instructors. They represent 
students’ organizational structures and assist in the organization of core teach-
ing concepts for educators. Despite concept mapping’s empirically documented 
benefits, extant research that addresses how concept maps act as a resource 
to impact teacher’s pedagogy and instructional practices is limited. By allow-
ing university STEM faculty to reflect on their students’ learning with concept 
maps, we anticipate changes in the faculty’s beliefs about using techniques pro-
moting conceptual learning.
fIgure 1. simple plant concept map. The concept map demonstrates a two-
dimensional representation of structural and functional relationships existing in plants. 
adapted from Online Concept Maps: Enhancing Collaborative Learning by Using 
Technology with Concept Maps, by Canas, a. j., ford, k. M., novak, j. d., hayes, P., 
reichherzer, T. r., & suri, n. 2001, science Teacher, 68(4), p.50. 
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MeThods
study overview and Participants
The research project integrated pre- and post-course concept mapping assess-
ments into four summer classes instructed by five University of Cincinnati 
STEM faculty members. Two instructors co-taught the mathematics summer 
course. The university faculty taught courses designed for secondary science 
and mathematics teachers as part of an NSF funded Math and Science Part-
nership (MSP). The intent of the courses was to deepen the teachers’ content 
knowledge within the specific discipline, as well as model for the teachers how 
to integrate engineering into traditional content instruction. Table 1 provides 
basic background information about the faculty involved in the study.
Table 1. Participants
Pseudonym Course Taught Pre-knowledge of Concept Maps
Christine Chemistry one workshop; did not use in instruction 
Phillip Physics no exposure
Mark Engineering Math one workshop; did not use in instruction 
Mary Engineering Math no exposure
George Geology had used concept-maps in instruction
Only George maintained an active disciplinary research agenda. The other 
faculty members’ responsibilities were primarily teaching in freshman se-
quences within their disciplines. Prior to the start of the summer courses, the 
third author worked with the faculty to develop concept maps specific to their 
course objectives. The pre-course concept maps were obtained from the teacher 
participants during the summer program orientation. The post-course concept 
maps were completed on the last full instructional day. In addition to concept 
maps, the faculty used assessments of their own design in order to produce a 
grade for the teacher participants. 
designing and Conducting the Interview
All concept maps were quantitatively scored using a scoring system modified 
from West et al. (2000) and qualitatively analyzed by the authors as part of the 
overall program evaluation. Using the pre- and post-course concept map quan-
titative scores, an overall “gain score” was calculated for each student in one 
of the summer courses and an average course gain score was calculated and 
reported to the STEM faculty. The qualitative analysis was used to create paired 
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sets of pre- and post-course concept maps for each course. Features such as 
concept organization were noted. The qualitative analysis allowed the authors 
to track if misconceptions from a pre-course concept map persisted on the post 
concept map, (Figure 2). Eventually, the paired map sets represented different 
levels of knowledge change, in the quantitative gain score or the qualitative 
structure or both, from the summer course participants. 
fIgure 2. Misconception in Physics Concept Map. The left shows a portion of a physics 
pre-course concept map in which the student states that angular velocity has pressure. 
This misconception does not appear in the same student’s post-course concept map (on 
the right) in which angular velocity is no longer linked to pressure. 
At the conclusion of the summer program, each participating faculty mem-
ber was interviewed about the use of, and results from, the concept maps from 
his or her course. During the interviews, the researchers shared the representa-
tive paired pre- and post-course maps with the faculty member. The focus of 
the interviews was to have the faculty members: 1) explore the paired maps’ 
quantitative gain scores and qualitative organizational structures, 2) discuss 
how the concept maps reflected their instructional goals, and 3) reflect on how 
the concept map results influenced their thoughts about student learning. 
resulTs and dIsCussIon
At the start of the interviews, most of the STEM faculty were interested in the 
quantitative data; specifically, in the class average gain scores. Phillip, like many 
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of the faculty members, was surprised at the number of students who received 
a score of zero on either a pre- or post-course concept map. This prompted the 
interviewer to show an example of a student’s concept map which received a 
score of zero, as shown in Figure 3 below.
When Phillip observed the concept map, he noted that while many of the 
physics concepts were present, the student did not use many prepositional 
phrases to connect the concepts. Since a prepositional phrase was required for a 
valid concept link, the concept map contained no valid links, and thus received 
a score of zero. Phillip stated,
Looks like it would have gotten lots of points. [. . .] This person’s had a 
physics class before, I think. They didn’t put a verb there. If they’d have 
put a verb there they’d have gotten more points. Yeah, this person had a 
physics class before. (Phillip, lines 900–904). 
How do faculty understand student concept maps as reflections 
of students’ content knowledge?
Faculty discussed the background knowledge of their students at the start after 
noticing several patterns in the pre-course concept maps. As Phillip mentioned, 
he was able to discern the student had likely had physics prior to the summer 
fIgure 3. Pre-course concept map in physics.
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course. In addition, other faculty discovered that many students were not fa-
miliar with certain terms used in the concept map word bank. For example, 
in Mark’s class, students created a mathematical model to represent an electric 
circuit containing a battery, capacitor, and resistor. Capacitor and resistor were 
two of the words in the word bank. After observing several pre-concept maps, 
Mark stated, “People didn’t know what capacitors and resistors were coming in 
and if you looked through to the entire stack of pre-maps they’re kind of thrown 
in every which place” (Mark, lines 1289–1291). 
George, who had used concept maps in his courses previously, looked 
closely at the organization and hierarchy of each concept map. When discuss-
ing the concept map used in Figure 4, George claimed,
Yeah, again I would say the hierarchy is missing; everything else seems 
to be alright, and these cross relationships are okay. But at the same 
level, seismologists, earthquakes and ground shakings are put at the 
same level. I would put, for example, earthquakes are the ground shak-
ings, and then studied by seismologists and they use two scales, inten-
sity and magnitude. (George, lines 682–687).
In the end, the faculty felt the concept maps could provide a good repre-
sentation of knowledge. They illustrated students’ thoughts about how concepts 
related, instead of simply knowing that concepts have some connection. In a 
discussion of a pre-course concept map for chemistry, a student had made an 
fIgure 4. geology Pre-Course Concept Map. semiologist, earthquakes, and ground 
shaking are all listed on the same level (top) of hierarchy. 
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effort to link related concepts, though it was obvious the student did not under-
stand the relationship. Christine stated:
[The student] just didn’t know what was getting the linkages in the right 
places. That’s very interesting. Oh, I don’t know whether it shows that 
they know that they should have been connected, but they just didn’t 
quite know what to put between. Oh, that’s very interesting, isn’t it? 
(Christine, lines 980–987). 
How did faculty interpret the changes in the pre- and post-course  
concept maps as a reflection of learning?
In addition to seeing learning reflected in students’ post-course concept maps, 
some faculty members also commented that their students had a deeper level 
of understanding of content, even content they were familiar with entering the 
course. Christine compared a student’s pre- and post-course chemistry maps, 
fIgure 5. Chemistry pre-course concept map (top) and post-course concept maps 
(bottom), from the same student.
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stating “This definitely, the post-map, definitely looks more sophisticated [. . .] 
Yeah, I think they have certainly, um, understood that things are connected dif-
ferently from what they thought before they started”(Christine, 690–695).
George was able to see his students understood the importance of hierarchy 
in their post-course concept maps. “Notice that in terms of hierarchy they put 
energy release and seismologists at the same level; here earthquakes as the high-
est priority and then everything else is coming down, which is what we want,” 
(George, lines 639–641).
Do faculty reflections on the pre- and post-course concept maps  
lead them to reflect on changes in their teaching?
After discussion of the quantitative and qualitative results, the faculty were 
asked to reflect on how concept maps could be used in their own courses in the 
fIgure 6. geology pre-course concept map (top) and post-course concept maps 
(bottom) from the same student.
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future, even courses not associated with the project. Christine and Mark both 
believed pre-course concept maps were inherently useful for the identification 
of misconceptions at entry to a course. For example, Christine was surprised to 
find a number of students not understanding that matter was the central theme 
of chemistry. The centrality of matter was a concept Christine never mentioned 
in her course because she assumed all the teachers would know this. She stated, 
“It’s also interesting how they don’t really appear to, um, they don’t really appear 
to have any concept that matter is the central connecting theme” (Christine, 
lines 672–674).Christine indicated that a pre-course concept map evaluation 
would have illuminated the gap between what the teachers knew and what she 
thought they knew. 
Both Christine and Mark indicated the use of a pre-concept map would 
be useful to guide the curriculum of their courses. Mark stated he felt he used 
math topic words, such as exponential equations, that were too domain spe-
cific to allow students to make the broad connections between mathematics 
and engineering he was hoping to see. Mark indicated in the future, he would 
revise his word bank to include broader phrases, though he did not specify any 
potential phrases in the interview.
In summary, four of the faculty were able to relate pre-course concept maps 
to student misconceptions. They saw student knowledge gains in the compari-
son of the pre- and post-course concept maps. Lastly, they saw subtleties that 
existed in a student’s concept map, independent of the quantitative score. At the 
completion of the interview, Christine, Mark, and Phillip expressed that they 
were excited to use concept maps again in their courses. George had been using 
concept maps in his courses prior to this summer program and indicated that 
he would continue to utilize them. 
Mary, on the other hand, indicated she felt concept maps in her college 
mathematics courses would not provide useful information because qualita-
tive/conceptual assessments do not demonstrate whether students can solve 
mathematics problems. We probed Mary further, asking what she would like to 
see on a concept map. She stated, “If they can put an algebraic formula there or 
something [like an] algebraic statement [in the concept map], that would sure 
help” (Mary, lines 733–734). Throughout Mary’s interview, it was evident that 
she felt assessments of learning must be quantitative in nature. 
I was trained as a statistician so concept maps are like ‘Oh my, I have 
no idea how I would [interpret this].’ I’m used to seeing numbers and 
seeing ‘Does this number change?’ This is so subjective to me. [. .  .] I 
mean even more than I ever want to quantify it. (Mary, lines 643–650). 
Finally, both Mark and Christine made suggestions as to the need to refine 
their word banks to better align with the key course concepts and learning goals 
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in their course. Mark indicated a goal for students was to see broad connections 
between mathematics and engineering. Therefore, he should modify his word 
bank to include broader mathematics terms which focus on making connec-
tions, rather than categorizing mathematics terms into mathematical domains. 
This suggested change is not a subtle revision, such as be more clear about “X,” 
rather Mark was reconsidering what was of value to know and be able to do 
with the mathematics in engineering.
IMPlICaTIons and lIMITaTIons
Although this research was limited to a small number of STEM faculty teaching 
in a specialized program, it does provide important insights for the transition 
of STEM instruction in higher education from a teacher-centered system to 
a learner-centered system. The use of concept maps in large, freshman level 
STEM courses is likely to be prohibitive. Effective implementation and map 
analysis is time consuming, making it unlikely to be embraced in courses with 
hundreds of students. However, we have seen in this limited setting, the use of 
pre- and post-course concept maps, and guided reflections on them can result 
in faculty gaining an understanding of what learning looks like beyond a simple 
numeric score.
Our research provides a frame for other STEM faculty interested in explor-
ing conceptual learning. It allows them to revisit the use of concept maps as a 
learning and assessment strategy by learning from firsthand experiences. Fur-
ther, it provides faculty development teams insight into STEM faculties’ atti-
tudes and beliefs about conceptual assessments. Assessments such as concept 
maps can be used formatively to design new PD with the aim of improving 
pedagogy, curriculum, and assessment practices. 
ConClusIons
The use of a conceptual assessment tool provided an opportunity for faculty 
to engage with students’ learning. We observed faculty identifying misconcep-
tions, missing concepts, and misplaced hierarchies central to the disciplines. 
This reflection-on-practice model (Schon, 1983) is an area where many STEM 
faculty need support to develop assessments that measure actual learning rather 
than discrete knowledge bits. 
Our study also revealed resistance to change deeply embedded in many 
STEM disciplines, such as Mary, who only saw value in quantitative assess-
ments. These attitudes could hinder the use of conceptual assessments and new 
pedagogies in STEM classrooms. Counter to much of the rhetoric, typical tra-
ditionalist STEM cultures often do not reward faculty who focus on improving 
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pedagogy. The reliance on simple quantitative measures of learning is efficient 
in our large freshman-level classes. Conceptual assessments lack efficiency and 
therefore conflict with customary teaching styles and grading systems. A rem-
edy to this situation begins with discussions with STEM faculty about learning 
based on student products of learning in an open and un-repercussive environ-
ment that supports reflection. Small steps through advocacy can lead to posi-
tive changes in curriculum and instructional, peer collaboration, and student 
learning. 
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Teaching to Increase Diversity and Equity in STEM 
(TIDES): STEM Faculty Professional Development 
for Self-Efficacy 
Kelly M. Mack and Kate Winter
Challenge
By the end of this decade, the U.S. economy will annually create over 120,000 
new jobs requiring a bachelor’s degree in computer science for emerging 
fields like cloud architecture, forensic investigation, and geospatial technology 
(Evans, Mckenna, & Schulte, 2013). However, currently, only approximately 
41,000 computer science baccalaureates are produced each year (NSF, 2013). 
Further complicating this supply-demand mismatch are improved interna-
tional economies that no longer allow the U.S. to rely on foreign-born talent to 
meet its STEM workforce demands; and the persistent underrepresentation of 
women, minorities and persons with disabilities who now comprise the fastest 
growing undergraduate population (NSF, 2013). Already, women of all racial 
and ethnic backgrounds account for nearly 60% of all U.S. college undergradu-
ates (NSF, 2013); and the Western Interstate Commission for Higher Education 
(2008), in Knocking at the College Door, projects that, by 2022, the number of 
public and non-public high school graduates who are from minority popula-
tions will significantly increase, while that of white, non-Hispanic high school 
graduates will decrease. Werf and Sabatier (2009) predict that this trend will 
result in minority students outnumbering whites on U.S. college campuses by 
as soon as 2020. 
The projected shifts in undergraduate student composition not only make 
it increasingly likely that all institutions of higher education will experience 
significant growth in their overall underrepresented student enrollments, but 
also emphasize the need and urgency for immediate implementation of peda-
gogical reform (PCAST, 2012; Tsui, 2007) that is evidence-based and culturally 
sensitive to the lived experiences of these populations (Froyd, 2008). However, 
mastery of new pedagogy commonly poses a substantial challenge for STEM 
faculty who oftentimes lack the substantive knowledge of and proficiency in 
teaching strategies that would enable students to master STEM content while 
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becoming skilled learners (Froyd, Srinivasa, Maxwell, Conkey, & Shryock, 
2005). Also, many current professional development interventions aimed at 
exposing faculty to enhanced STEM teaching strategies continue to overlook 
the role of cultural competence in teaching, fail to inextricably link culturally 
sensitive STEM pedagogies with advanced research, are non-reflective, and are 
devoid of the elements necessary for achieving sustained behavioral change in 
STEM teaching practices and patterns. As a result, modern teaching strategies 
continue to be wrongly directed toward “fixing” the student, and implemented 
at varying levels of precision with only modest gains in STEM student success. 
Quintessential to overcoming these challenges is providing professional 
development opportunities for STEM faculty that not only depart from the 
traditional workshop model, but also effectively pair cultural consciousness 
with advanced pedagogy, and integrate the elements of self-efficacy needed 
for long-term implementation. Many scholars have noted that self-efficacy is a 
strong determinant of behavioral change (Bandura, 1977; DeChenne, Enochs, 
& Needham, 2012; Mohamadi & Asadzadeh, 2012). Indeed, infusion of its core 
elements—performance accomplishment, vicarious experiences, verbal per-
suasions and psychological states—into the professional development activities 
of STEM faculty not only results in the kind of sustained behavioral changes 
required for relevant and modernized STEM teaching, but also mitigates de-
ficient coping behavior that can arise in the face of institutional barriers and 
positively impacts STEM student learning (DeChenne et al., 2012; Mohamadi 
& Asadzadeh, 2012).
To that end, the Association of American Colleges and Universities 
(AAC&U) and its Project Kaleidoscope (PKAL) have initiated Teaching to In-
crease Diversity and Equity in STEM (TIDES) as a three-year program, gener-
ously funded by the Helmsley Charitable Trust, to increase the self-efficacy of 
STEM faculty in implementing culturally competent pedagogies. 
InnovaTIon
It is widely accepted that active-learning strategies increase undergraduate stu-
dent performance in STEM disciplines (Freeman et al., 2014), particularly for 
underrepresented students (Tsui, 2007). However, in a recent survey of depart-
ment chairs at the nation’s top 200 research universities, over 50% of respon-
dents noted that they did not see a need to significantly change introductory 
course instructional methods in order to retain more underrepresented stu-
dents (Bayer Corporation, 2012). Instead, it was noted that more co-curricular 
support, principally in the form of mentoring and tutoring, was necessary; and 
it was believed that faculty should assume primary responsibility for such. 
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Despite this expressed need for increased faculty engagement, few efforts to 
recruit or retain underrepresented STEM students include faculty professional 
development as a viable strategy. Of those professional development opportu-
nities that do exist for faculty, most offer only cursory interventions that are 
primarily aimed at “fixing the student,” and fail to either recognize the whole 
student, appreciate the value of the student’s diverse perspective, or address the 
ways in which the underlying implicit associations of faculty contribute to their 
underrepresentation. 
To address these inherent weaknesses, Freeman et al. (2014) recommend a 
second generation of STEM education research that relies upon the advances 
of educational and social psychology and explores the aspects of faculty behav-
ior that most significantly impact student performance. By focusing on STEM 
faculty self-efficacy as a means of achieving pervasive institutional change, the 
AAC&U TIDES program promotes a novel approach that more completely ad-
dresses the structural barriers that threaten underrepresented STEM student 
learning, interest, competencies, and retention in the computer sciences and 
related STEM disciplines. 
IMPleMenTaTIon
overview
Guided by its core values of inclusive excellence, collaboration and account-
ability, TIDES is committed to leading STEM higher education reform through 
the following goals:
1. (Re)Designing computer science courses to:
a. maximize the likelihood of success (higher test scores, increased 
pass rates, increased retention rates, increased graduation rates) 
for diverse students; and 
b. attract and engage traditionally underrepresented groups in STEM 
courses to increase self-efficacy and the likelihood for identifi-
cation with STEM.
2. Increasing utilization of culturally competent pedagogy by:
a. raising STEM faculty awareness and consciousness of why and 
how to be culturally responsive;
b. increasing STEM faculty confidence in implementing culturally 
competent pedagogy; and
c. creating a Networked Improvement Community (i.e., Commu-
nity of Practice) to support, promote and deploy project resources 
for immediate adoption, adaptation and widespread change in 
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STEM content delivery; and to ensure support for institutional 
project success.
The specific strategies that are employed include: 1) a national call for 
proposals, which serves to identify cross-disciplinary courses that can be 
meaningfully integrated with the concepts, methods, technologies, and tools 
foundational to the computer/information technology sciences; 2) a STEM In-
stitute, which provides STEM faculty with the opportunity for introspection, 
reflection, exposure to cutting-edge research related to cultural competence in 
STEM pedagogies, and real time practice with implementation of new pedago-
gies; and 3) development and administration of new assessment instruments 
for self-efficacy in culturally responsive STEM pedagogy. The overview of the 
project’s activities and goals (logic model) is provided in Figure 1.
Currently, this project supports 19 institution teams (comprised of three fac-
ulty/administrators per institution) over a three-year period to develop, refine, 
and implement cross-disciplinary courses related to enhancing computational 
fIgure 1. TIdes logic Model.  
description: The logic Model was developed to outline specific project outcomes and 
the various strategies for achieving them.
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thinking skills.1 Newly developed and/or re-designed STEM courses not only 
focus on developing the skills required for students to persist in the computer 
sciences, but also: 
1. promote promising pedagogical practices that are culturally sensitive; 
2. foster the inclusion of historically underrepresented groups in the 
STEM disciplines at unprecedented levels; and 
3. lend themselves to sustained impact on STEM teaching strategies at 
multiple institution sites across the country. 
Assuming a typical teaching load for faculty (up to 12 credit hours/semes-
ter) and an average lower-level STEM class size of approximately 100 students 
per class, the TIDES project has the potential to positively impact the compu-
tational skills of nearly 100,000 STEM majors, particularly those from under-
represented populations. Additionally, through a robust project identity and 
dissemination plan, the STEM faculty professional development materials will 
be deployed throughout the PKAL regional networks and AAC&U national 
meetings to STEM faculty beyond those participating in TIDES.
The overarching philosophy of the faculty professional development is 
grounded in evidence that training and support facilitates one’s ability to thrive 
and advance in one’s professional setting (Webster, 1998). In keeping with this 
philosophy, a cohort of awardee STEM faculty and administrators participate in 
an annual week-long STEM Institute that provides opportunities to: 1) reflect 
upon prior pedagogical performance, 2) practice culturally competent teaching 
strategies in real time, 3) contribute to a national community of practitioners, 
and 4) develop and maintain a networked improvement community through 
synchronous and asynchronous web-based and virtual platforms. 
national Call for Proposals
Over 400 faculty from more than 300 institutions participated in an informa-
tional webinar, which highlighted the vision and goals of the TIDES program. 
Prior to actual proposal submission, letters of intent were received from 341 
institutions, with 112 (or 33%) representing HBCUs, HSIs, women’s colleges, 
and tribal colleges; 168 full proposals were received and reviewed, including 
30% from diverse institution types. 
1. The TIDES Program has provided funds for five institution teams to participate in key project 
activities, although their campus-based projects were not selected to receive funding through 
the competition. These institutions are referred to as “Honorable Mention” and are considered 
full members of the TIDES Networked Improvement Community.
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Based upon careful review of proposals and reviewer critiques and com-
ments, 14 projects were selected to receive funding, with another five institu-
tions receiving Honorable Mention. More than half of the funded institutions 
are HBCUs, HSIs, women’s colleges, or tribal colleges, where the likelihood of 
impacting diverse STEM baccalaureates is highest. Details of the selected insti-
tutions are provided in Table 1.
Table 1. TIdes Projects.  
description: nineteen institutions of higher education participate in the aaC&u TIdes 
initiative.
Institution Classification Control other
Bryn Mawr College, PA Baccalaureate Private, not-for-profit Women’s
California State University 
northridge, CA
Master’s Large Public hSI
Fairleigh Dickinson University, nj Master’s Large Private, not-for-profit
Fayetteville State University, nC Master’s Medium Public hBCU
howard University, DC research Universities 
(high)
Private, not-for-profit hBCU
Lawrence Tech University, MI Master’s Large Private, not-for-profit
Montgomery College, MD Associate Public
Morgan State University, MD Doctoral/research 
Universities
Public hBCU
Salish kootenai College, MT Associate/Baccalaureate Private, not-for-profit Tribal 
College
Smith College, MA Baccalaureate Private, not-for-profit Women’s
University of Dayton, oh research Universities 
(high)
Private, not-for-profit
University of Puerto rico–
humacao, Pr
Baccalaureate Public hSI
Westminster College, UT Master’s Medium Private, not-for-profit
Wright State University, oh research Universities 
(high)
Public
Connecticut College, CT* Baccalaureate Private, not-for-profit
knox College, IL* Baccalaureate Private, not-for-profit
ohio northern University, oh* Baccalaureate Private, not-for-profit
Pitzer College, CA* Baccalaureate Private, not-for-profit
queens College CUny, ny* Master’s Large Public
*honorable Mention
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sTeM Institute and networked Improvement Community
As noted, mastery of pedagogy oftentimes poses a challenge for STEM faculty. 
AAC&U has learned, through its century of experience in empowering institu-
tions of higher education, that these challenges can be permanently overcome 
through a prescribed sequence of events consisting of: 1) reflection, 2) profes-
sional development/coaching, and 3) development of a networked improve-
ment community. The TIDES program integrates all of these components and 
provides STEM faculty with theoretical and practical exposure to cultural com-
petence as a lifelong practice in STEM content delivery. 
Reflection: At the outset of the STEM Institute, participants complete a reflec-
tive analysis of STEM course(s) that is(are) proposed for (re)design. This phase 
also introduces participants to the underlying theories and practices of cultural 
competence in STEM pedagogies that are grounded in social science and edu-
cational psychology research, including critical race theory, implicit bias and 
social cognitive career theory; as well as the role that they can play in facilitating 
underrepresented STEM student success.
Professional Development/Coaching: During afternoon sessions of the STEM 
Institute, participants have carefully designed opportunities to engage in dif-
ficult dialogues with an institution coach who is a recognized leader in insti-
tutional change, gender equity, race-gender intersectionality and/or minority 
STEM student retention. Institution coaches are relied upon to provide the kind 
of verbal persuasion that is known to contribute to the development of self-
efficacy (Bandura, 1977). 
Networked Improvement Community: At varying points throughout the aca-
demic year, awardee institution participants convene via teleconference and/or 
webinars for post-professional-development meetings that serve as a forum for 
discussing major issues, challenges and/or successes in implementing cultur-
ally sensitive STEM pedagogies. Participants also engage in follow-up capstone 
experiences at the annual AAC&U STEM Conference. These experiences serve 
to provide: 1) an open discussion of individual STEM courses within particular 
institutional contexts; 2) opportunity for cross-institutional synthesis that yields 
both generalized institutional practices that are easily transferred to other simi-
larly situated institutions; and 3) the vicarious experiences that have been noted 
by Bandura (1977) as an essential source for promoting self-efficacy. This phase 
of the TIDES program is also critical to preventing faculty from reverting back 
to more traditional modes of undergraduate STEM teaching. 
Additionally, during the first TIDES Institute, faculty completed sur-
veys about their level of confidence in their own culturally competent STEM 
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pedagogy, their confidence in their department to support and engage diverse 
students in STEM, the climate and culture of the university, their perceptions of 
various potential outcomes related to culturally competent pedagogy in STEM, 
and aspects of their teaching style. 
self-efficacy Instruments
The TIDES Program is supported by the development of appropriate instru-
ments that provide both an understanding of baseline self-efficacy regarding 
culturally responsive STEM pedagogy and assessment of changes during the 
initiative. Self-efficacy instruments must be domain specific to provide useful 
results (Bandura, 2006)1997. As such, the team reviewed instruments specific 
to both culturally responsive pedagogy, or multi-cultural teaching, and STEM 
undergraduate education. Because no single instrument exists to suit the needs 
of TIDES, a self-efficacy instrument was created by using or adapting relevant 
items from various instruments. The resulting TIDES self-efficacy instrument 
captures: 1) faculty responses about their level of confidence in their own cul-
turally competent STEM pedagogy; 2) their confidence in their department to 
support and engage diverse students in STEM; 3) the climate and culture of the 
university with regards to diversity; 4) their perceptions of various potential 
outcomes related to culturally competent pedagogy in STEM; and 5) aspects of 
their teaching style. 
Faculty completed a beta version of the survey during the first TIDES Insti-
tute. Administrators completed an abbreviated version of the instrument that 
omitted the teaching-focused sections. The data were then used to establish 
baselines and explore the validity of measures of group efficacy, self-efficacy in 
teaching, and expected outcomes, which are key indicators of the likelihood of 
sustained behavior change (Bandura, 2000, 2001, 2006; Siwatu, 2007).
resulTs and ConClusIon
Participant feedback on the first TIDES Institute indicated that it was thought 
provoking, informative, and valuable to refining next steps for the institutions’ 
projects. Insights on future topics and content include the need to incorporate 
additional coverage of the theoretical bases supporting active learning, the ob-
stacles faced by underrepresented students in STEM, and the need for cultural 
change in STEM.
Exploratory factor analysis and confirmatory factor analysis of the faculty 
and administrator survey instruments supports the validity and internal reli-
ability of a group efficacy measure (GE-all) comprising 9 items (α = 0.910) in 
two sub-scales (GE1: 6 items, α = 0.903; GE2: 3 items, α = 0.890), a faculty 
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self-efficacy measure (SE-all) comprising 15 items (α = 0.940) in three sub-
scales (SE1: 8 items, α = 0.947; SE2: 4 items, α = 0.867; SE3: 3 items, α = 0.899), 
an expected outcomes measure (EO-all) comprising 12 items (α = 0.946) in 
two sub-scales (EO1: 9 items, α = 0.946; EO2: 3 items, α = 0.802), and a three-
item measure of how welcoming the department is for diverse faculty, staff, 
and students (WE, α = 0.936). Items asked about confidence level in either the 
department or oneself to engage in various activities, or level of agreement with 
expected outcomes and were scored on a 7-point scale (1= To an extremely 
small extent, 2=To a very small extent, 3=To a small extent, 4=To a moder-
ate extent, 5=To a large extent, 6=To a very large extent, 7=To an extremely 
large extent). At the .05 level, there were no statistically significant differences 
between faculty and administrators on the shared measures. Means and confi-
dence intervals (95%) for the measures are provided in Figure 2.
Scores for the expected outcomes of supporting students through cultur-
ally competent pedagogy (EO1, EO2, EO-all) were the highest, while the scores 
for the group efficacy items (GE1, GE2, and GE-all) were among the lowest, 
particularly for items that explicitly dealt with addressing mismatches between 
fIgure 2. Means and Confidence Intervals for Measures.  
description: This table provides the mean score and confidence interval (95%) for 
each of the developed measures discussed in this chapter, along with the number of 
responses used in each analysis.
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students’ native cultures and those present in higher education. Among the fac-
ulty-only self-efficacy items, the lowest score was for the measure of culturally 
competent pedagogy. SE1 focuses on aspects that explicitly address the needs 
of underrepresented students in STEM classrooms, while the other two faculty 
SE measures are more broadly applicable to good teaching practices, generally 
(i.e., providing hands-on support to students, reflecting on the efficacy of one’s 
teaching, and learning and basing instruction on students’ interests, etc.). The 
measure of confidence in the department’s ability to create a welcoming envi-
ronment fell toward the middle of the other measures, demonstrating that there 
is perceived room for improvement, but that perceptions are relatively positive. 
An additional faculty-only section includes aspects related to background and 
preparation for teaching, but preliminary analysis is ongoing.
Additional baselines include single-item measures of perception of insti-
tutional climate and culture regarding diversity and diverse students. Overall, 
statistically significant differences between faculty and administrator responses 
existed for only two of the survey items (Table 2). Perceptions of institutional 
support for developing culturally competent pedagogy were relatively lower 
than other items. Faculty indicated higher levels of confidence in preparation 
to teach diverse students than administrators indicated in their preparation to 
develop/approve curriculum appropriate for diverse students. Interestingly, fac-
ulty indicated feeling less responsible for their students’ academic success in 
STEM than did the administrators. Both administrators and faculty indicated 
relatively highly that they perceive their institution as being welcoming of di-
verse students and that it is an institutional goal to recruit and retain a diverse 
student body. However, their confidence in their departments to recruit and 
retain diverse students was almost a full point lower than their institutional 
scores.
In response to an open-ended question at the conclusion of the survey sec-
tion on institutional culture and climate,2 faculty responses indicated a wide 
range of institutional commitment to supporting diverse learners. These two 
examples best demonstrate the extremes:
•	 “My institution realizes that part of our mission is to shepherd stu-
dents from dependence to independence. There are many challenges 
for all students in this endeavor. We help them learn who they are and 
challenge them to be more than they ever thought they could be.”
•	  “My institution is not interested in changing its teaching philosophies 
in order to create more active learners.”
2. “Please feel free to provide any comments you have related to your responses to items in this 
section.”
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lessons learned and TransferabIlITy
Quality of teaching is one of the strongest and most consistent predictors of 
underrepresented student interest and retention in science, both as a major and 
as a career (Tsui, 2007). To that end, professional development of STEM faculty 
emerges as integral to increasing the number of underrepresented STEM stu-
dents who persist to degree; and is best facilitated by a dual-pronged approach 
that: 1) highlights those effective teaching practices that depart from traditional 
Table 2. descriptive statistics for additional baseline Measures. 
description: This table provides descriptive statistics for single-item measures, with 
breakdowns by faculty and administrator responses only for items with a statistically 
significant difference.
Mean CI (95%) SD Min Max
To what extent do you feel satisfied as (an administrator) 
(a faculty member)?
5.1 4.73–5.41 1.30 2 7
To what extent do you feel that you are supported 
by your institution in the development of culturally 
competent pedagogy?
 4.9 4.48–5.28 1.52 2 7
To what extent do you feel that your (involvement with 
curriculum design/approval) [teaching] influences your 
students’ learning in STEM?
5.6 5.28–5.94 1.26 1 7
To what extent do you feel that your institution is 
welcoming of traditionally underrepresented students?
5.9 5.61–6.19 1.11 3 7
To what extent do you perceive that it is a goal of your 
institution to recruit and retain diverse students?
5.9 5.47–6.22 1.45 1 7
To what extent are you confident in the ability of your 
department to recruit and retain diverse students?
5.0 4.69–5.38 1.33 1 7
To what extent do you agree that exposure to a variety of 
teaching methods will help students to be successful?
6.0 5.69–6.25 1.15 2 7
To what extent do you feel prepared (to develop or 
approve curricula appropriate for) [to teach your subject 
to] diverse groups of students?* 
Administrators 5.0 4.34–5.66 1.28 2 7
Faculty 5.7 5.35–6.05 1.20 3 7
To what extent do you feel responsible for your students’ 
academic success in STEM?* 
Administrators 6.3 5.94–6.65 0.69 5 7
Faculty 5.5 5.08–5.94 1.47 1 7
* Difference is significant at the 0.05 level. 
 TEAChInG To InCrEASE DIvErSITy AnD EqUITy In STEM 349
STEM teaching strategies and differentially impact underrepresented STEM 
student success; and 2) incorporates the elements of STEM faculty self-efficacy 
needed to support sustained behavior change in modes of STEM content de-
livery. Because this approach lends itself to providing STEM faculty with tools 
necessary for creating the kind of inclusive classroom experiences that support 
learning and success for all students, it is highly adaptable and appropriate for 
broadening the participation of any historically underrepresented group, includ-
ing students with disabilities and those from low socioeconomic backgrounds.
lesson #1: Culturally Competent sTeM Teaching 
differentially Improves underrepresented student success, 
but Is not always readily Transferable. 
Since 2005, AAC&U’s Liberal Education and America’s Promise (LEAP) ini-
tiative has sought to improve undergraduate teaching and educational out-
comes by providing faculty with frameworks that address multiple dimensions 
of undergraduate learning and lead to essential learning outcomes, authentic 
assessment, and implementation of various high-impact practices, including 
collaborative problem-solving, undergraduate research, learning communities, 
and experiential learning. 
While successful implementation of these pedagogies advantages all stu-
dents, researchers suggest that utilizing these approaches creates the kind of 
supportive environments that are essential and differentially beneficial to URM 
student success (Kuh, 2008). Indeed, AAC&U has demonstrated that such 
educational practices not only enhance student gains in critical thinking and 
problem solving, but also disproportionately improve the four-year graduation 
rates and educational gains for underrepresented students (Finley & McNair, 
2013). However, the specificity of some culturally relevant practices is not often 
clearly elucidated in mainstream STEM literature, is disproportionately focused 
on “fixing” the student as opposed to the institutional barriers to success, and 
does not always lend itself well to ease of transferability across institution types 
(Dhunpath, 2000).
Thus, the TIDES Initiative, because of its unique design, captures both the 
theories that support equally evidence-based and culturally relevant practices, 
interventions, and the successful pedagogies that are grounded in institutional 
contexts and relevant cultural themes. By bringing together and translating 
theories from various disciplines into STEM practices, the TIDES program is 
uniquely poised to: 1) distill these effective practices into professional develop-
ment materials and resources for STEM faculty, 2) diffuse them throughout 
higher education for universal adoption and/or adaptation to any institutional 
setting at the level of detail needed for precise application and sustained impact, 
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and 3) develop a conceptual framework for conducting qualitative research on 
broadening the participation of underrepresented groups in STEM fields.
lesson #2: sTeM faculty Communities of Practice Can lead to 
higher levels of student engagement. 
Addressing the need for better STEM teaching methods relies heavily upon the 
combined scientific acumen, cultural competence, and pedagogical prowess of 
STEM faculty. However, few of these reports offer specific details on the kind 
of holistic approach to professional development that will fully support STEM 
faculty in implementing equally evidence-based and culturally relevant STEM 
teaching strategies. 
PKAL has historically used its regional STEM faculty networks to promote 
modern changes to traditional modes of undergraduate STEM teaching. Recent 
preliminary data have revealed that levels of student engagement among first-
year STEM students—a common predictor of underrepresented STEM student 
success—are significantly higher than those for the general student population 
in institutions where STEM faculty have participated extensively in PKAL pro-
fessional development activities. 
In keeping with this trend, the TIDES program also utilizes didactic pre-
sentations along with scaffolded introspection and highly interactive sessions 
where faculty are presented with opportunities to reflect upon and demonstrate 
proficiency with culturally competent STEM pedagogical techniques. Added 
to this professional development curriculum is the influence of peer support 
through capstone experiences, webinars and institution coaches.
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U.S. occupational employment projections report that of the 30 fastest grow-
ing occupations, with growth rates at 27% or greater, many are science- and 
technology-related (Bureau of Labor Statistics, 2007). Policy makers reason that 
by improving undergraduate education, more science and engineering students 
will persist in these fields and fill the future science and engineering positions 
in the United States (National Research Council [NRC], 2006; NRC, 2012). 
Additionally, improving undergraduate education in the sciences will support 
all students in higher education to become scientifically literate (NRC, 2006; 
Brewer & Smith, 2011). That is, they will be able to make better health-related 
decisions and reason through scientific claims that are shared in the media (e.g., 
personalized medicine, genetics). 
One particular pathway for improving undergraduate education in the 
science fields is to reform undergraduate teaching. Publications from the Na-
tional Academy Press conclude that undergraduate education should embrace 
(a) active-learning environments, (b) fewer key concepts, and (c) cooperative 
learning groups (NRC, 1998, 2000, 2003). These methods give undergraduates 
an opportunity to build deep knowledge in certain areas, and it allows them 
to learn how to effectively operate within learning communities. While it is 
important that these strategies are implemented in science classrooms of post-
secondary institutions of all sizes, colleges and universities with large student 
enrollment have the potential impact the education of significant numbers of 
science and non-science majors. 
Efforts have been made to reform undergraduate science teaching, and 
numerous studies (e.g., Armbruster, Patel, Johnson, & Weiss, 2009; Brownell, 
Kloser, Fukami, & Shavelson, 2012; Hoskinson, Caballero, & Knight, 2013) have 
been performed to evaluate the success of these reform efforts. Through these 
efforts, various barriers to reform have been identified, such as time constraints, 
lack of support from administration, reward and tenure practices, and learning 
challenges of students (Ebert-May, 2011; Wright & Sunal, 2004). Other research 
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in higher education has emphasized the role of teachers’ beliefs in influencing 
their teaching practices (Trigwell & Prosser, 1996; Trigwell, Prosser, Martin, & 
Ramsden, 2005; Trigwell, Prosser, & Taylor, 1994). In the context of a profes-
sional development workshop, one important study revealed that the biology 
faculty’s self-reported use of innovative teaching strategies was not consistent 
with observed classroom practices (Ebert-May, 2011). Although these teachers 
perceived themselves as making use of more learner-centered strategies, they 
primarily engaged in the transmission model of teaching. To support the actual 
implementation of reformed teaching practices, it is important to acquire an 
understanding of instructors’ knowledge about teaching as it can serve to in-
form the design of faculty development programs.
In contrast with secondary-level educational research, very few studies have 
investigated faculty knowledge for teaching. In 1986, Shulman put forth a frame-
work to explore the types of knowledge that teachers use and integrate to form 
a unique knowledge base for teaching that he called pedagogical content knowl-
edge (PCK). This framework has been used extensively in research performed 
at the kindergarten through 12th grade (K–12) levels of schooling (e.g., Geddis, 
A. N., 1993; Gess-Newsome, J., 1999; Grossman, P.L., 1990; Lee, E., Brown, M. 
N., Luft, J. A., & Roehrig, G. H., 2007; Lee, E. & Luft, J.A., 2008; Magnusson, S., 
Krajcik, J., & Borko, H., 1999). However, only a limited number of studies of 
teachers’ PCK have been performed in higher education, and these studies in-
vestigated teachers’ general PCK across disciplines or PCK for teaching specific 
content topics (Davidowitz, B., & Rollnick, M, 2011; Fernández-Baboa, J.M., & 
Stiehl, J., 1995; Padilla, K., Ponce-de-León, A. M., Rembado, F. M., & Garritz, A., 
2008; Padilla, K., & Van Driel, J., 2011). This study investigated the nature of the 
PCK of biology faculty who are teaching at large doctoral/research institutions 
by (1) identifying the types of knowledge used by biology faculty in teaching 
large introductory-level courses, and (2) exploring the experiences, interactions 
and teaching perspectives influencing the PCK of biology faculty. 
Results of this study serve to inform faculty, researchers, and administra-
tors about how postsecondary teachers develop knowledge to teach science. 
Research in this area will provide a better understanding of the knowledge base 
influencing teaching practices, which ultimately impacts student science learn-
ing at the postsecondary level. As teachers of both science-majors and non-
science majors, biology faculty at large, doctoral/research institutions impact 
the science learning of significant numbers of undergraduate students. Find-
ings serve to inform instructional reform efforts to target identified knowledge 
domains that may require strengthening in postsecondary science teaching, as 
well as aid administrators in developing policies and/or incentive structures for 
faculty to promote improved undergraduate science teaching and learning.
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researCh In PedagogICal ConTenT knowledge
what is Pedagogical Content knowledge? 
The concept of pedagogical content knowledge was first introduced by Lee 
Shulman (1986, 1987) through a series of professional publications. Motivated 
to redirect educational research, he put forth a new framework emphasizing 
the types of knowledge required for teaching subject matter to others. He con-
tended that an elaborate knowledge base exists for teaching that extends be-
yond the isolated domains of content and pedagogy. 
Shulman (1987) described these types of knowledge as that which distin-
guish a teacher from a specialist within a particular discipline. He asserted 
that studies of teachers had revealed that content knowledge and pedagogical 
knowledge were important for teaching, yet the sum of the two knowledge do-
mains produced an inadequate depiction of the total knowledge for teaching. In 
1986, he introduced the term, pedagogical content knowledge (PCK). Given the 
complexity and specificity of PCK, Shulman (1986) compared the knowledge 
development of teachers to that of doctors and lawyers, who become proficient 
in skills, cases, and procedures demonstrated in practice. He urged educational 
researchers and policy-makers to view teachers as “professionals” rather than 
“skilled workers” and provided a conceptual framework for examining teach-
ers’ knowledge. In 1987, Shulman presented a comprehensive list of the types of 
knowledge that teachers use and develop in their profession as follows:
•	 “content knowledge;
•	 general pedagogical knowledge, with special reference to those broad 
principles and strategies of classroom management and organization 
that appear to transcend subject matter;
•	 curriculum knowledge, with particular grasp of the materials and pro-
grams that serve as ‘tools of the trade’ for teachers;
•	 pedagogical content knowledge, that special amalgam of content and 
pedagogy that is uniquely the province of teachers, their own special 
form of professional understanding;
•	 knowledge of learners and their characteristics;
•	 knowledge of educational contexts, ranging from the workings of the 
group or classroom, the governance and financing of school districts, 
to the character of communities and cultures; and
•	 knowledge of educational ends, purposes, and values, and their philo-
sophical and historical grounds.” (p. 8) 
Shulman theorized PCK to be a unique and discrete knowledge domain 
that developed as teachers engaged in practice. PCK “represents a blending of 
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content and pedagogy into an understanding of how particular topics, prob-
lems, or issues are organized, represented, and adapted to the diverse interests 
and abilities of learners, and presented for instruction” (Shulman, 1987, p. 8). 
Other researchers have expanded upon Shulman’s definition of PCK. Based 
upon the multitude of definitions found in the literature, Park and Oliver (2008) 
developed a comprehensive definition: 
PCK is teachers’ understanding and enactment of how to help a group 
of students understand specific subject matter using multiple instruc-
tional strategies, representations, and assessments while working within 
the contextual, cultural, and social limitations in the learning environ-
ment. (Park et al., 2008, p. 264)
Although many contend that PCK remains an elusive construct, Shulman 
was successful in redirecting educational research as his conceptual framework 
of teachers’ knowledge has been utilized in studies of educators at all levels and 
across disciplines. These studies have resulted in the development of various 
models of PCK.
studies using Models of PCk
Many educational researchers embraced Shulman’s conception of teachers’ 
knowledge domains including PCK. Over the past two decades, alternative 
models of PCK have been introduced and used in studying the knowledge 
of teachers. A limited number of studies have explored the categories of PCK 
through examination of teachers’ ideas and practices using a grounded ap-
proach. One of the studies investigated the “generic” PCK of university faculty 
across multiple disciplines (Fernandez-Balboa, 1995). Another examined the 
conceptualization of PCK by secondary science teachers (Lee & Luft, 2008). 
In 1995, Fernandez-Balboa and Stiehl conducted a study of 10 experienced 
university professors from multiple disciplines to explore the “generic” compo-
nents of PCK across subjects. The participants were a purposeful sample of fac-
ulty that were identified by five college deans as exceptional teachers based upon 
student evaluations, peer reviews, and teaching awards. Data were collected 
through in-depth semi-structured interviews during which the participants 
reflected on their teaching experiences. The authors presented the findings as 
the faculty’s collective PCK, rather than the PCK of individual teachers. The re-
sults of the study revealed five components of PCK that emerged from the data 
analysis; these include knowledge of: (1) subject matter, (2) students, (3) in-
structional strategies, (4) the teaching context, and (5) one’s teaching purposes. 
As one of the first studies of faculty PCK, these findings provided a window into 
the types of knowledge used by teachers at the tertiary level. 
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Lee and Luft (2008) conducted research designed to elicit the components 
of PCK from four experienced secondary teachers. The sample included teach-
ers with more than 10 years of teaching experience and more than three years of 
mentoring beginning science teachers. Given that the teachers actively taught 
more than one science discipline, the study explored the general or subject-spe-
cific PCK of science teachers. The secondary science teachers were remarkably 
consistent in the identification of knowledge domains included in PCK. Results 
of the analysis revealed seven components of PCK, which were identified by 
all four teachers as important for teaching science: (1) knowledge of science, 
(2) knowledge of goal, (3) knowledge of students, (4) knowledge of curriculum 
organization, (5) knowledge of teaching, (6) knowledge of assessment, and (7) 
knowledge of resources. However, the teachers’ conceptions of PCK varied in 
the interactions between knowledge domains. 
MeThods
The epistemological perspective of constructionism views a knowledge base as 
being dynamic as humans continually engage in and interpret the world around 
them. However, this knowledge construction does not take place simply as indi-
viduals encounter phenomena and make sense of them; humans enter a world 
in which meaning already exists. It is influenced by the socially agreed upon 
meanings of objects and phenomena of the world (Crotty, 1998). Using the in-
terpretivist theoretical framework, the complex process of PCK development is 
considered to involve changes to an interrelated set of knowledge domains and 
experiences specific to the profession (Lee, et al., 2007; Magnusson, et al., 1999). 
Meaning making is the mechanism through which teachers develop PCK as 
they engage in the processes of planning, reflection, and teaching of specific 
subject matter (Magnusson et al., 1999). Using a qualitative approach, this study 
identified and explored emergent themes regarding (1) the types of knowledge 
used by biology faculty in teaching large introductory-level courses, and (2) the 
experiences and social interactions influencing the PCK of biology faculty.
setting and Participants
This study included a purposeful sample of six biology faculty members. The 
study participants came from three large doctoral/ research institutions located 
in various regions of the United States. Relevant demographics for these uni-
versities are included in Table 1. Identification of the instructors occurred by 
selecting teachers who were engaged in teaching an introductory-level biology 
course during the study. An “introductory-level” course is defined as a class 
designed for first-year college students, which may include courses designed 
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for either biology majors or non-majors. Participants indicated their willing-
ness to participate via e-mail in response to correspondence explaining the pro-
posed study and inviting their participation. Study participants were assigned 
gender-neutral pseudonyms to protect the anonymity of the faculty and the 
universities. 
data Collection
Data were collected from multiple sources during the study and used to charac-
terize participants’ knowledge for teaching large introductory biology courses, 
as well as document the experiences and social interactions that influence their 
PCK. Study participants provided their curriculum vitae, which provided infor-
mation about the educational background and professional experiences of the 
biology faculty, as well as the current context in which they work. Additional 
data were collected through a series of interviews and classroom observations. 
A pre-observation semi-structured interview was conducted immediately 
prior to the classroom observations. The participants were interviewed about 
their experiences and beliefs around teaching large introductory-level biology 
courses. Each study participant was observed teaching about concepts in an 
introductory biology course. The researcher recorded field notes of classroom 
observations, which focused on the interactions between the teacher and their 
environment. Any available artifacts that were generated as part of the observed 
lesson were obtained from the biology faculty. Following the classroom obser-
vations, post-observation interviews were conducted. The participants were in-
terviewed about their thinking and experiences while teaching the lesson. 
data analysis and Interpretation
The processes of data collection and data analysis occur simultaneously in 
qualitative research (Creswell, 2007). As collected, data (documents, classroom 
observation data, artifacts, and transcriptions of interviews) were converted 
into electronic format and uploaded into NVivo, a qualitative analysis software 
program. Data were “coded” through a process of assigning words or phrases to 
Table 1. relevant demographics of the Three Institutions Included in the study
university 12-month undergraduate 
enrollment for 2010
number of bachelor’s degrees in biology* 
compared to total degrees awarded in 2009
red University 28,082 525 / 6,490
Blue University 37,989 834 / 8,223
Green University 60,204 647 / 11,810
Note. Bachelor’s degrees include fields of biological and biomedical sciences.
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segments of text or images. Initial coding was conducted to identify the partici-
pant’s use of specific domains of knowledge. This analysis made use of coding 
categories that were selected a priori to the data analysis using Shulman’s (1987) 
seven knowledge domains or that emerged during the reading of the data. A 
second process of coding was performed to identify interactions that influence 
the participant’s teaching practices. This analysis made use of coding categories 
that emerged from the data. Final coding was performed to look for confirm-
ing and disconfirming evidence to support prior coding. At the completion of 
the data collection process, the data were analyzed by comparing, contrasting, 
aggregating, and ordering of the collected data (Creswell, 2007). Themes were 
generated through inductive analysis of the data. These themes were grouped 
and organized to develop six individual faculty profiles. 
validity and reliability
Strategies were employed to address validity issues as recommended by Cre-
swell (2007), including triangulation of data and peer debriefing. Data were 
collected through multiple data sources including documentation, survey re-
sponses, artifacts, interviews, and classroom observations. Additional science 
education researchers served as peer examiners. These individuals reviewed 
codes and themes in order to provide critical feedback from multiple perspec-
tives. Reliability of the data was ensured through use of a codebook to maintain 
consistency in the meaning of codes (Creswell, 2007). 
limitations of the study
In this qualitative study, the sample size was limited to a small number of indi-
viduals (n = 6) who will likely not represent the general population of biology 
faculty. The participants in the study were purposefully selected based upon 
their employment at a large doctoral/research university and active engagement 
in teaching an introductory-level biology courses. As such, the ability of re-
searchers to relate the findings to a broader population was extremely limited, 
however, these findings will help to begin to characterize the nature of the PCK 
of biology faculty at large doctoral/research institutions.
resulTs
Following the development of the six individual faculty profiles, a cross-profile 
analysis was conducted. Based upon the analysis, eight distinct knowledge do-
mains were identified as making up the PCK of the six biology instructors. In 
addition, four social interactions and experiences were found to influence the 
PCK of the biology faculty. 
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knowledge domains
In the process of analyzing the six faculty profiles, eight domains emerged 
which made up the PCK of the biology faculty. Seven domains were identified 
in prior PCK research: (1) knowledge of content, (2) knowledge of context, (3) 
knowledge of learners and learning, (4) knowledge of curriculum, (5) knowl-
edge of instructional strategies, (6) knowledge of representing biology, and (7) 
knowledge of assessment. Of these, the faculty differed primarily in two areas: 
knowledge of learners and learning, and knowledge of instructional strategies. 
In addition, the faculty PCK included a domain not previously described in the 
literature: (8) knowledge of building rapport with students. The following re-
sults include a description of the these three knowledge domains—knowledge 
of learners and learning, knowledge of instructional strategies, and knowledge 
of building rapport with students—as they pertain to these six biology faculty 
members. 
Knowledge of learners and learning
All of the instructors indicated that students arrive to the course with some 
level of prior knowledge about biology, which can vary from a well-developed 
understanding to naïve and/or poorly developed conceptions. However, those 
instructors that actively reviewed students’ written responses in assignments 
and assessments had a more sophisticated knowledge of individual learners’ 
incoming conceptions, as well as their developing ideas and difficulties in learn-
ing biology, over the course of a semester. 
Each of the biology faculty members had knowledge of student learning, 
however, the level of knowledge in the area of student learning varied among 
participants, with some emphasizing independent actions and behaviors and 
others emphasizing collaboration. All of the participants indicated that learn-
ing requires more than listening to the delivery of explanations by experts dur-
ing lecture. In general, they agreed that students need to practice working with 
new information and to make use of feedback to assess their own level of un-
derstanding. However, the faculty differed in their understanding of learning 
theory and their ability to describe specific actions or behaviors, beyond read-
ing the textbook, that support student learning. 
Knowledge of instructional strategies 
The study participants reported having knowledge of instructional strategies, 
which included lecture, questioning techniques, small group work, and whole 
group discussion. However, the faculty differed in their knowledge and practice 
of implementing these strategies within the context of a large auditorium-style 
 A SoCIAL ConSTrUCTIvIST PErSPECTIvE oF TEAChEr knoWLEDGE 361
classroom. The repertoires of strategies varied between the instructors. The in-
structional strategies described and utilized by the study participants are in-
cluded in Table 2. 
Table 2. repertoires of faculty Instructional strategies
Instructional
strategy
alex Chris Pat sam Terry Morgan
Lecturing X X X X X X
questioning Techniques X X X X X X
Small Group Work X X X X
Whole Group Discussion X X
Knowledge of building rapport with students 
The newly identified knowledge domain was the faculty’s knowledge of build-
ing rapport with students. Different from having knowledge of learners and 
learning, building rapport with students, either collectively or on an individual 
level, involved relationship-building. Five of the six instructors described vari-
ous ways of developing a connection with students. The study participants re-
ported having knowledge of strategies for building rapport with students in 
the large lecture setting by (1) providing structure, and (2) incorporating ele-
ments of fun. The faculty indicated that providing structure was a means of 
reducing student anxiety by setting clear expectations and maintaining regular 
communication (e.g., conversations before and after class, meetings during of-
fice hours, electronic mail, discussion boards, and online course management 
systems). Nearly all of the participants indicated incorporating elements of fun, 
such as humor and music, into the classroom to develop a positive rapport with 
students. Only one of these five instructors directly connected building rapport 
with supporting student learning.
social interactions and experiences
The analysis of the data yielded four social interactions and experiences: teach-
ing experience, models and mentors, collaborations and interactions with 
faculty, and science education research and literature. In designing faculty de-
velopment and support efforts that will help sustain new approaches to teach-
ing, it is important to consider the social context that influences instructor 
PCK, particularly because not all of these influences will encourage the most 
effective approaches to teaching.
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Teaching experience 
Many of the faculty reported gaining knowledge of teaching from their own 
experiences in teaching. Although they varied with regard to teaching experi-
ence, four of the participants stated that they learned to teach through “trial and 
error” in the classroom. Two of the participants did not refer to teaching experi-
ence as influencing their development as postsecondary teachers, however, this 
may be due to their being early career instructors with relatively lower levels of 
classroom experience. 
Models and mentors 
All of the study participants reported gaining knowledge of teaching from ob-
served models of instruction. While one instructor reported observing pri-
marily “bad” models of teaching, the other five instructors stated that they had 
observed “good” models of instruction at the secondary and/or postsecondary 
level. For some, mentors also played a role in their learning to teach. Three of 
the participants indicated that they had “good” mentors who played an impor-
tant role in their development as a teacher during the early part of their careers 
as college instructors. 
Collaborations and interactions with other faculty 
Five of the six study participants reported having interactions with other faculty 
that influenced their teaching practices. The instructors’ perceptions of their 
professional obligations and the teaching/research load of their position played 
a role in shaping the amount and types of interactions. Those participants who 
were in non-tenure-track positions perceived teaching to be the primary role 
of the position. However, their interactions with other faculty were often lim-
ited to administrative meetings. Others who were in tenure-track positions per-
ceived teaching and research to be the responsibilities of the position. These 
participants described attending regularly scheduled meetings and having in-
formal interactions with other faculty who were engaged in similar teaching 
and research. 
The individuals with whom the participants interacted also differed with 
respect to their level of expertise in education. Four of the participants reported 
having little to no interaction with faculty who specialized in science education 
in their career. However, two of the instructors stated that they had regular in-
teractions with faculty who are scholars in the field of science education. 
Science education research and literature 
For this study, faculty engaging in science education research and reading and/
or discussing science education literature are included as social interactions 
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and experiences. The study participants varied with respect to their level of en-
gaging in and/or having experience with scholarly work in science education. 
Two participants reported having little to no knowledge of the science educa-
tion literature or experience in the area of performing educational research. 
Two other instructors reported being familiar with science education literature, 
as they both engaged in teaching science education courses. Both indicated that 
reading the primary literature and discussing it with students increased their 
knowledge about teaching and learning. The two remaining participants re-
ported engaging in multiple science education research projects that focused on 
teaching and learning in the context of large introductory biology courses. Both 
indicated that this research served to directly inform their teaching practices.
dIsCussIon
What are the types of knowledge that biology faculty use for teaching? 
Results of this study revealed that the six participants had knowledge in eight 
distinct domains. Seven of these domains were previously identified in the 
literature pertaining to either secondary and/or postsecondary level studies 
(Geddis, 1993; Gess-Newsome, 1999; Grossman, 1990; Lee, Brown, Luft, & 
Roehrig, 2007; Lee & Luft, 208; Magnusson et al., 1999): knowledge of con-
tent, knowledge of context, knowledge of curriculum, knowledge of learners 
and learning, knowledge of representing biology, knowledge of instructional 
strategies, and knowledge of assessment. Of these domains, the participants 
varied in their knowledge of learners and learning, and knowledge of instruc-
tional strategies. In addition, the faculty reported having knowledge in a new 
domain: building rapport with students.
The biology faculty differed in their knowledge of learners and learning and 
their knowledge of instructional strategies. Interestingly, the faculty knowledge 
was similar between those participants at the same institutions. At Green Uni-
versity, the two faculty had limited knowledge of students’ prior conceptions 
and naïve conceptions in biology, as well as the variation in students’ ability 
levels. In addition, the faculty differed in their knowledge of the ways in which 
students learn science. The two instructors from Green University emphasized 
learning as primarily an independent endeavor in which students engage in 
making sense of concepts on their own. The remaining four instructors focused 
on the importance of student collaboration in the learning process based on 
their knowledge of the social constructivist theory of learning. 
Faculty knowledge of instructional strategies spanned a continuum with 
one end of the spectrum including lecture with minimal social interaction and 
the other end involving an amalgam of approaches. The instructional strategies 
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employed by the faculty at the same institution were similar. At Green Univer-
sity, the two instructors primarily made use of lecturing with minimal ques-
tioning. The remaining four instructors had knowledge of strategies for small 
group discussions and activities; however, the two faculty from Red University 
instructors also had knowledge of facilitating whole group discussions. The four 
participants from Blue University and Red University were those that described 
student learning as being consistent with the social constructivist theory of 
learning.
Based upon the variations of knowledge within these domains, three cat-
egories of faculty PCK emerged: (1) PCK as an expert explainer, (2) PCK as 
an instructional architect, and (3) a transitional PCK, which fell between the 
two prior categories. The PCK of the faculty at the same institution was similar 
regardless of their levels of teaching experience and amount of collaboration. 
The two faculty at Green University included those who developed PCK as an 
expert explainer. They emphasized their ability to explain complex biological 
ideas to students and to develop presentation materials for lecture that logi-
cally communicated the concepts. In addition, the expert explainers were those 
who viewed student learning as an independent endeavor with lecture sessions 
being a venue for delivering course content. The two faculty at Red University 
were those who developed PCK as an instructional architect. They focused on 
designing collaborative learning experiences for students to engage in during 
class meetings. While these instructors made use of direct instruction, they 
primarily employed other student-driven instructional strategies, which were 
based on their social constructivist view of learning. The two faculty at Blue 
University were those who developed a transitional PCK. 
One new domain was identified from the study: knowledge of building rap-
port with students. This new domain is distinct from the knowledge of learners 
and learning, as well as the knowledge of instructional strategies. While teach-
ers’ knowledge of learners and learning refers to their knowledge of the ways 
in which students learn science along with students’ prior conceptions and dif-
ficulties in learning science (Lee & Luft, 2008; Magnusson, et. al, 1999), this new 
domain refers to the ways in which an instructor establishes a relationship with 
students either as a collective body or as individual learners. Fernandez-Balboa 
and Stiehl (1995) included “creating a learning environment” and “motivational 
strategies” as part of the knowledge domain of instructional strategies. These 
included strategies such as “[be] fun and exciting”, “bug them to learn on their 
own”, “give a pep talk”, “use humor”, and “take a break”. For this study of biology 
faculty, the aforementioned strategies would not be included in the knowledge 
domain of instructional strategies, which is reserved for those strategies tied to 
the literature on learning. The new domain of knowledge of building rapport 
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with students encompasses strategies, such as having regular communication 
with students and incorporating elements of fun, that are intended to positively 
influences students’ affective domain. Although they are considered to be dis-
tinct domains, affect and cognition both play important roles in learning sci-
ence (Ainley and Ainley, 2011). In most cases, the faculty participants reported 
making use of strategies designed to reduce student anxiety, which can be a 
barrier to learning.
What social interactions and experiences influence the PCK of biology faculty? 
Studies of secondary science teachers identified classroom experience as an es-
sential component of PCK development (Geddis et al., 1993; Gess-Newsome, 
1999; Grossman, 1990). These studies indicate that effective PCK develops as 
teachers spend more time with students in the classroom. However, among the 
biology faculty, the variation in amount of teaching experience was not aligned 
with their PCK. The instructors with more sophisticated knowledge in the areas 
of instructional strategies and learners and learning had varying amounts of 
teaching experience. Similarly, those with less knowledge in these domains var-
ied in terms of their teaching experience. 
The literature lacks information about the social interactions and experi-
ences that influence the PCK of instructors at the postsecondary level. Studies 
have reported on faculty-identified barriers to implementing reformed teaching 
practices (Fernandez-Balboa & Stiehl, 1995; Ebert-May, 2011; Wright & Sunal, 
2004). In contrast, this study sought to identify the institutional constructs that 
influence social interactions and experiences impacting instructors’ PCK de-
velopment. In addition to teaching experience, models and mentors played an 
important role in the development of the biology faculty as teachers. Engag-
ing in collaborations and interactions with other faculty, which focus on teach-
ing and learning, were also influential. Performing educational research and/
or reading and discussing science education literature was also significant in 
developing effective PCK and served to directly inform the teaching practices 
of some faculty. 
IMPlICaTIons and fuTure dIreCTIons
This study was intended to inform faculty, researchers, and administrators about 
the PCK of biology faculty teaching large introductory-level courses. Although 
the six biology faculty had similar knowledge across multiple domains, their 
knowledge varied in the areas of learners, learning theory, and instructional 
strategies. Although these differences were evident, the faculty knowledge in 
these domains was similar between the instructors at the same institution. This 
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suggests that constructs within the institutional setting can influence the PCK 
of faculty. As such, the knowledge of the teachers at an institution as well as the 
context in which they operate must be clearly understood in designing effec-
tive professional development programs (Luft & Hewson, 2014). Based upon 
a review of relevant science education literature, van Driel, Berry, and Meir-
ink (2014), suggested that professional development target teacher knowledge 
that focuses on students learning science content and the practice of science 
teaching. Faculty could benefit from the study of student work products to gain 
a sense of novice or developing conceptions. In addition, Wright and Sunal 
(2004) recommended that faculty form collaborative teams across disciplines, 
as well as connect with various groups and networks involved in developing 
exemplary curricular materials. As a means of further expanding their reper-
toire of instructional approaches, they also suggested that faculty make site vis-
its to other institutions to observe the use of innovative strategies within similar 
learning environments. 
From this and other studies, faculty considered instructional strategies and 
strategies of building rapport with students as a collective set of teaching prac-
tices. It is important that faculty be able to distinguish between these types of 
strategies. While the approaches for building rapport with students can influ-
ence their affective domain and support them to persist in a course, they are not 
directly tied to strategies for designing and implementing instruction. Further, 
the faculty’s knowledge of strategies of building rapport with students was lim-
ited as it emphasized “providing structure” and incorporating “elements of fun”. 
With an emphasis on building the knowledge of faculty in the area of instruc-
tional strategies, faculty development programs ought to incorporate research-
based connections between instructional practices and student motivation, 
such as goal setting, student choice, relevancy, individual and group respon-
sibilities, and frequent instructor feedback (Schunk, Pintrich, & Meece, 2008). 
The six faculty provided insight into the social factors that affected their 
PCK. More senior faculty who served as models and/or mentors were deemed 
important by all six participants. As early career instructors, they reported 
looking to these colleagues for guidance on teaching undergraduate biology 
courses. Departments ought to develop a selection process of identifying par-
ticular faculty to serve as active mentors in an effort to move instruction toward 
more reformed-based teaching practices. Furthermore, instructors ought to be 
given opportunities to plan and teach in more innovative ways with support 
and structured feedback from mentors and peers (van Driel, Berry, and Mei-
rink, 2014). The participants also indicated that they gained knowledge about 
teaching through collaborations and interactions with other faculty, as well as 
through performing educational research and/or discussing science education 
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literature. Faculty development programs ought to support the formation of 
collaborative groups for instructors to delve into the science education litera-
ture for relevant ideas and course innovations. This group should serve to sup-
port faculty in designing and conducting active research projects to assess the 
effectiveness of various instructional approaches (Wright and Sunal, 2004). 
From this study, it is apparent that further research is needed with regard 
to biology faculty PCK development over time. It would be important to study 
how PCK transforms over years of teaching experience. For this, conducting a 
longitudinal study focusing on the PCK development of biology faculty would 
be useful. Future research could also examine various institutional settings and 
constructs and seek to reveal those that support the development of effective 
PCK for biology faculty. 
referenCes
Ainley, M., & Ainley, J. (2011). Student engagement with science in early adoles-
cence: The contribution of enjoyment to students’ continuing interest in learn-
ing about science. Contemporary Educational Psychology, 36(1), 4–12.
Armbruster, P., Patel, M., Johnson, E., & Weiss, M. (2009). Active learning and 
student-centered pedagogy improve student attitudes and performance in in-
troductory biology. CBE-Life Sciences Education, 8(3), 203–213.
Brewer, C. & Smith, D. (2011). Vision and change in undergraduate biology educa-
tion: A call to action. Washington, DC.
Brownell, S. E., Kloser, M. J., Fukami, T., & Shavelson, R. (2012). Undergraduate 
biology lab courses: Comparing the impact of traditionally based “cookbook” 
and authentic research-based courses on student lab experiences. J Coll Sci 
Teach, 41(4), 36–45.
Bureau of Labor Statistics, Office of Occupational Statistics and Employment Pro-
jections. (November 2007). Employment outlook: 2006–16: Occupational em-
ployment projections to 2016. Retrieved from http://www.bls.gov/opub/mlr 
/2007/11/ art5full.pdf.
Creswell, J.W. (2007). Research design: Qualitative, quantitative, and mixed methods 
approaches (3rd ed.). Thousand Oaks, CA: Sage. 
Crotty, M. (1998). The foundations of social research: Meaning and perspective in the 
research process. London: Sage.
Davidowitz, B., & Rollnick, M. (2011). What lies at the heart of good undergradu-
ate teaching? A case study in organic chemistry. Chemistry Education Research 
and Practice, 12(3), 355–366.
Ebert-May, D., Derting, T. L., Hodder, J., Momsen, J. L., Long, T. M., & Jardeleza, 
S. E. (2011). What we say is not what we do: Effective evaluation of faculty pro-
fessional development programs. Bioscience, 61(7), 550–558.
368 FACULTy DEvELoPMEnT
Fernández-Baboa, J.-M., & Stiehl, J. (1995). The generic nature of pedagogical con-
tent knowledge among college professors. Teaching and Teacher Education, 
11(3), 293–306.
Geddis, A. N. (1993). Transforming subject-matter knowledge: The role of ped-
agogical content knowledge in learning to reflect on teaching. International 
Journal of Science Education, 15, 673–683.
Gess-Newsome, J. (1999). PCK: An introduction and orientation. In J. Gess-
Newsome and N. Lederman (Eds.) Examining PCK: The construct and its im-
plications for science education, (pp. 3–20). Norwell, MA: Kluwer Academic 
Publishers.
Grossman, P. L. (1990). The making of a teacher: Teacher knowledge and teacher 
education. New York: Teachers College Press.
Hoskinson, A. M., Caballero, M. D., & Knight, J. K. (2013). How can we improve 
problem solving in undergraduate biology? Applying lessons from 30 years of 
physics education research. CBE-Life Sciences Education, 12(2), 153–161.
Kane, R., Sandretto, S., & Heath, C. (2002). Telling half the story: A critical review 
of research on the teaching beliefs and practices of university professors. Re-
view of Educational Research, 72(2), 177–228.
Lee, E., Brown, M. N., Luft, J. A., & Roehrig, G. H. (2007). Assessing beginning 
secondary science teachers’ PCK: Pilot year results. School Science and Math-
ematics, 107, 52–68.
Lee, E., & Luft, J. A. (2008). Experienced secondary science teachers’ representation 
of pedagogical content knowledge. International Journal of Science Education, 
30(10), 1343–1363.
Luft, J. A., & Hewson, P. W. (2014). Research on teacher professional development 
programs in science. In N. Lederman and S. Abell (Eds.), Handbook of research 
in science education, (pp. 889–909). New York, NY: Routledge.
Magnusson, S., Krajcik, J., & Borko, H. (1999). Nature, sources and development of 
pedagogical content knowledge for science teaching. In J. Gess-Newsome & N. 
G. Lederman (Eds.), Examining Pedagogical Content Knowledge, (pp. 95–132). 
Norwell, MA: Kluwer Academic Publishers.
National Research Council (NRC). (1998). Transforming undergraduate education 
in science, mathematics, engineering, and technology. Washington, DC: Na-
tional Academies Press. www.nap.edu/catalog.php?record_id6453 (accessed 
April 4, 2012).
NRC. (2000). How people learn: Brain, mind, experience, and school: Expanded edi-
tion. Washington, DC: National Academies Press. www.nap.edu/catalog.php 
?record_id9853 (accessed April 4, 2012).
NRC. (2003). Evaluating and improving undergraduate education in science, tech-
nology, engineering, and mathematics. Washington, DC: National Academies 
Press. www.nap.edu/catalog.php?record_id10024 (accessed April 4, 2012).
 A SoCIAL ConSTrUCTIvIST PErSPECTIvE oF TEAChEr knoWLEDGE 369
NRC. (2006). Rising above the gathering storm: Energizing and employing America 
for a brighter future. Washington, DC: The National Academies Press.
NRC. (2012). Discipline-based education research: Understanding and improving 
learning in undergraduate science and engineering. Washington, DC: The Na-
tional Academies Press.
Padilla, K., Ponce-de-León, A. M., Rembado, F. M., & Garritz, A. (2008). Under-
graduate professors’ pedagogical content knowledge: The case of “amount of 
substance”. International Journal of Science Education, 30(10), 1389–1404.
Padilla, K., & Van Driel, J. (2011). The relationships between PCK components: 
The case of quantum chemistry professors. Chemistry Education Research and 
Practice, 12, 367–378.
Park, S. & Oliver, S. J. (2008). Revisiting the conceptualization of pedagogical con-
tent knowledge (PCK): PCK as a conceptual tool to understand teachers as 
professionals. Research in Science Education, 38, 261–284.
Schunk, D. H., Pintrich, P. R., & Meece, J. L. (2008). Motivation in education: The-
ory, research, and applications. Upper Saddle River, NJ: Pearson.
Shulman, L. S. (1986). Those who understand: Knowledge growth in teaching. Edu-
cational Researcher, 15(2), 4–14.
Shulman, L. S. (1987). Knowledge and teaching: Foundations of the new reform. 
Harvard Educational Review, 57, 1–22.
Trigwell, K., & Prosser, M. (1996). Congruence between intention and strategy in 
university science teachers’ approaches to teaching. Higher Education, 32(1), 
77–87.
Trigwell, K., Prosser, M., Martin, E., & Ramsden, P. (2005). University teachers’ 
experiences of change in their understanding of the subject matter they have 
taught. Teaching in Higher Education, 10(2), 251–264.
Trigwell, K., Prosser, M., & Taylor, P. (1994). Qualitative differences in approaches 
to teaching first year university science. Higher Education, 27(1), 75–84.
van Driel, J.H., Berry, A., and Meirink, J. (2014). Research on science teacher 
knowledge. In N. Lederman and S. Abell (Eds.) Handbook of research in science 
education (pp. 848–870). New York, NY: Routledge.
Wright, E. L., & Sunal, D. W. (2004). Reform in undergraduate science classrooms. 
Reform in undergraduate science teaching for the 21st century (pp. 33–52). 
Greenwich, CT: IAP.
abouT The auThor
Kathleen M. Hill is a STEM Education Outreach Specialist and Assistant Profes-
sor of Education at Pennsylvania State University in State College, Pennsylvania.
 370
6
Culture, Policy and Resources: Barriers Reported 
by Faculty Implementing Course Reform
Loran Carleton Parker, Omolola Adedokun, Gabriela C. Weaver
Course reform is a growing practice in higher education across the disciplines. 
Reforms focus on evidence-based practice, course design, and student-centered 
pedagogies. Existing reform initiatives have championed various active-learn-
ing strategies aimed at increasing student engagement and improving student 
conceptual learning (Prince, 2004). Examination of the success of these initia-
tives tends to focus on success at improving student-level indicators.
Research examining faculty perception of barriers to their reform’s success 
has been limited. Brownell and Tanner explored the barriers to faculty pedagog-
ical change and identified barriers dealing with the professional identity of the 
professoriate (2012). Walczyk, Ramsey and Zha reported on large-scale survey 
results that identified obstacles to instructional innovation for faculty (2007). 
Their survey was based on Wright and Sunal’s (2004) previously identified in-
stitutional barriers and was primarily aimed at gauging the presence of these 
barriers at universities in Louisiana. Henderson and Dancy (2007) interviewed 
small numbers of STEM faculty who were not part of course reform efforts 
and identified individual and situational barriers that may inhibit these faculty 
from effecting change. These studies, however, did not pay close attention to the 
particular views and perceptions of faculty who were “on the ground” imple-
menting change. As course reform initiatives move from individual scholarship 
to institutional-scale reform, it becomes increasingly important to consider the 
ways in which faculty experience and enact these changes. As course reform 
initiatives become institutionalized (rather than grassroots), research must 
consider faculty perception of these efforts in order to help design systems/
organizations that can best support and sustain faculty teaching innovations
Purdue University, a large research university, has undertaken an unprec-
edented, university-wide course reform project. This project serves as the con-
text for the current study’s examination of faculty-perceived barriers to course 
reform. Specifically, this study seeks to answer the question, “What barriers 
and challenges do faculty at a research institution encounter during an institu-
tional reform initiative?” The purpose of this study is to provide a preliminary 
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snapshot of the barriers perceived by faculty as they are “in the trenches” of 
course reform and to identify areas of special concern for leaders of institu-
tional reform efforts, as well as future areas of research.
sTudy ConTexT
The impetus for this study is the evaluation of a university-wide course re-
form project on the main campus of Purdue University. Purdue University is 
a large land grant research university in the Midwestern United States, with 
approximately 29,255 undergraduate students, 9,500 graduate and professional 
students, 1,800 tenured/tenure-track faculty, and offering nearly 200 under-
graduate majors and graduate degrees in just over 70 academic programs on 
their West Lafayette, Indiana, campus. In 2011, Purdue began a campus-wide 
reform initiative. The goals of the Instruction Matters: Purdue Academic Course 
Transformation (IMPACT) project are to improve student learning and success 
by making the learning process more active and engaging for students. IM-
PACT achieves these goals by assisting instructors in redesigning their courses 
to be more learner-centered. IMPACT intentionally targets large, foundational 
courses from all disciplines, supplementing several pre-existing discipline-spe-
cific course redesign efforts. The broad scope of the IMPACT initiative requires 
a program fostering best practices in course redesign as well as flexibility for 
faculty and departments to enact reforms that meet program specific needs 
and contexts. IMPACT initially targeted ten courses and has since expanded 
to reach up to 60 courses each year. (Morris, Parker, Nelson, Pistilli, Hagen, 
Levesque-Bristol & Weaver, 2014).
IMPACT’s focus on learner-centered classrooms is situated in the research 
base on learner-centered psychological principles as described in Morris and 
colleagues, (2014): 
These principles synthesize the bodies of knowledge about learning 
and instruction, and the social and individual factors that influence the 
learning process. Learner-centered instructional practices are charac-
terized by: (i) the inclusion of “learners in decisions about how and 
why they learn and how that learning is assessed;” (ii) valuing of “each 
learner’s unique perspectives;” (iii) respecting and accommodating “in-
dividual differences in learners’ backgrounds, interests, abilities, and 
experiences;” and (iv) treating “learners as co-creators and partners 
in the teaching and learning process” (McCombs, 2001, p. 186). These 
characteristics extend from a theory of learning that posits learning is 
an active, constructive process building upon learner prior knowledge 
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and experience and is mediated by social interactions in the learning 
environment. (Morris, et al., 2014, p 305) 
The redesign process begins for a faculty member when they apply to join 
a cohort of IMPACT faculty fellows. Once accepted, instructors participate in 
a professional development program that places instructors in a supportive 
learning community with other instructors and education specialists. During 
the first semester, instructors attend weekly workshop sessions. The workshops 
are topical and focus on active learning pedagogies, theories of motivation and 
learning, instructional technology resources, the scholarship of teaching and 
learning, and the development of learning objectives and outcomes for course 
design and assessment. During this workshop semester, fellows create their de-
liverables: redesign research question, course learning outcomes and course as-
sessment map. These deliverables are entirely focused on the needs of the fellow 
and their course. Faculty are not required to follow any specific template for 
their redesign. Beginning with their entrance to the program and continuing as 
long as desired by the instructor, each cohort member is supported by a small 
group of fellow faculty and staff. The Faculty Learning Community prioritizes 
connection among peers. To realize these connections, fellows from previous 
cohorts serve as invited guests for several of the sessions, providing expertise 
and direct experience from their redesign. Fellows and their small support 
groups work together to create a timeline for, implement, and study the out-
comes of the redesigned course.
sTudy MeThods
IMPACT faculty fellows from the first four cohorts of the program were in-
terviewed in the semester after they implemented their redesigned course for 
the first time. Fellows in the first cohort were interviewed individually; repre-
sentatives from the later cohorts were interviewed in small groups. All fellows 
were invited to participate in the interviews, however, in all but the first cohort, 
some fellows did not participate in the interviews. In total, 27 instructors par-
ticipated. Interviews lasted approximately one hour and consisted of questions 
regarding the specific changes that were made to the course and to the fellow’s 
teaching practice, how decisions were made regarding the course redesign, dis-
cussion of deviations from the planned implementation, expectations versus 
reality when implementing a redesigned course, successes and challenges dur-
ing the implementation process, benefits of the redesigned course for instructor 
and students, future plans for the course, processes and plans for disseminating 
information about the course redesign and its outcomes. 
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Data from the interview sessions were audio recorded and transcribed ver-
batim. Data analysis proceeded through several phases. The first phase con-
sisted of reading through transcripts three times and identifying sections in 
which fellows discussed barriers or challenges that they perceived or directly 
experienced during both the development and implementation of their rede-
signed course. The second phase included open coding of the textual data into 
categories that represented described barriers. The third phase of analysis was 
organizing the codes into broader categories and overarching themes that rep-
resented the type or domain of barrier described and confirming that these 
broader themes and category labels continued to be in line with the textual data. 
fIndIngs
Overall, the analysis revealed two types of barriers: (1) barriers associated with 
the cultural norms of teaching and learning in research universities (e.g., differ-
ences between student and instructor expectations, and negative perceptions/
attitudes of other faculty and administrators); and (2) barriers related to exist-
ing institutional teaching structures (e.g., promotion policies and limited class-
room resources). These barriers, and the categories (and sub-categories) that 
emerged under them are discussed in detail in the following sections. 
Cultural norms
A primary category of barrier identified through analysis involved the cultural 
expectations associated with teaching and learning. This is represented as a 
theme that is present in multiple contexts identified by the faculty fellows as 
obstacles they had to navigate during the implementation of their redesigned 
course. Figure 1 displays this theme and the categories and subcategories of 
associated barriers described in the data. The theme of cultural expectations 
operated in two domains: students and colleagues of the faculty fellows. Each 
of these contextual domains was associated with specific barriers as illustrated 
in Figure 1. 
Barriers associated with student views
Regarding student expectations of teaching and learning, faculty fellows de-
scribed barriers due to differing expectations between themselves and their 
students. A typical representation of this barrier would include descriptions 
of students who believe that learning involves passively listening, reading and 
absorbing information and demonstrating that memorization on an exam. IM-
PACT faculty fellows, both through their interest and the IMPACT professional 
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development experience, have very different definitions of teaching and learn-
ing. As described previously, IMPACT seeks to create active learning environ-
ments for students in which they are expected to direct at least some of their 
own learning. Faculty fellows described resistance from students due to dif-
fering expectations of the roles and responsibilities of instructor and student 
during the course. 
“They think of this as like a train station. You put money in. You get a 
ticket out. You get to go on the train. You put your money in. You spend 
your time here. You get this piece of paper out; that’s your ticket to a 
career.”
“Specifically students told me that this is too much examples and work. 
‘We’d rather just memorize.’”
“What didn’t work well was that too many of the students just weren’t 
listening and participating. And I think the reason for that is that a lot 
of freshmen tend to be oriented towards ‘What piece of information do 
I have to repeat for the exam?’ And that’s the whole thing I was trying 
to turn around and get them out of that mode . . . it’s very hard to get 
them out of that.”
Additionally, faculty fellows identified differences in expectations for teach-
ing and learning among students as a barrier to the success of their redesigned 
course. They described difficulties getting students to collaborate effectively in 
fIgure 1. barriers related to Cultural expectations of Teaching and learning
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group settings because students with different backgrounds held very differ-
ent understandings and definitions of the learning process and varying com-
munication skills. This difference was marked in domestic and international 
students, but also present between domestic students who had experienced dif-
ferent K–12 learning environments. 
“We’ve got kids that won’t participate, because it’s a cultural difference 
and they just don’t have the skill and they kind of power down.”
“It causes resentment among the [domestic] students, the American 
students who are like, ‘Why am I having to deal with this?’ 
Barriers associated with colleague and administrator perceptions
The perception of colleagues and administrators was the second domain in 
which faculty fellows reported barriers created by cultural expectations. Fac-
ulty fellows stated that spending too much time on teaching could be viewed 
negatively by their colleagues and administrators. Specifically, faculty fellows 
felt that, while it was acceptable to be an average instructor if their research was 
stellar, caring too much about their teaching put them at risk of being perceived 
as a less than stellar researcher. Although these sentiments were expressed by 
fellows of both genders, women fellows expressed concern that their gender 
increased the risk of colleagues minimizing their research accomplishments if 
they put too much effort into teaching.
“Well, I mean the thing is, at least in our discipline, the teaching end of 
it, even though there’s lip service [to the effect that] it’s gonna be viewed 
beneficially, frankly, [it isn’t].”
“So having the IMPACT thing kind of helped a little bit with [building 
prestige for quality instruction], but I fear that I’m getting, you know, 
sort of stereotyped as the teaching professor and actually it’s something 
that I have to be concerned about, particularly being female.”
“I wish I knew how to tell that story [about why to use active learning 
techniques] better, I think when I tell that story some of my colleagues 
are feeling threatened and it shouldn’t be threatening, it should be joy-
ful, right?”
“I guess I’ll have to make it work, and I’ll have to convince the depart-
ment that this is a good idea.”
“. . . convincing [departmental colleagues] that there’s a different way to 
[teach large, foundational courses], is gonna be a monumental sell job.”
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“I wish I knew that my department valued this. Yeah, I wish I knew how 
to measure and convince my department of the value of this. . . .”
Additionally, faculty fellows had a strong sense of autonomy regarding their 
teaching and understood that college instructors were expected to have a large 
amount of control over the “what” and “how” of their instruction. However, 
several of the fellows felt that this expectation fostered an absence of coordina-
tion among colleagues and a vacuum of leadership by administrators that was a 
barrier to the sustainability of their course redesign.
“I do not agree that an individual faculty member should be coming 
up with what those [learning] outcomes are, I think that has to be the 
whole department saying, here’s what we value and here’s the role that 
this course plays and we’ve decided that because we know that these are 
the professional outcomes we expect of our students, here are the types 
of careers that they go into, here are the courses that they’re going to, 
that this is foundational too in terms of their future experience, I mean 
that really needs to be the whole department deciding what the mea-
sures of success are gonna be . . .”
Institutional structures
The second barrier theme identified through analysis was existing institutional 
structures. This theme was present in multiple contexts relating to policies and 
resources. Figure 2 displays the theme and the categories and subcategories of 
associated barriers described in the data. 
fIgure 1. figure 2. barriers related to existing Institutional structures
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A very prominent domain in which existing institutional structures became 
a barrier to the implementation of the redesigned course was in the institution’s 
tenure and promotion policies. Faculty fellows who were tenure-track felt that 
there was no incentive related to their promotion process for them to spend 
much time on their course redesign, particularly if it meant sacrificing time that 
could be spent on research. 
“.  .  . For an assistant professor to be responsible for flipping an entire 
course, I wouldn’t think that would be a good thing. When you’re only 
gonna be mostly evaluated on your research .  .  . unless you really are 
going to be given benefit in the tenure process. And maybe many disci-
plines will. But I know in our department I doubt it.”
“And if the time commitment that you put into this is not allowing you 
to finish your grant, this is in a completely different topic area and stuff, 
then that would be a distraction, a detriment.”
“There’s no rewards for being a good teacher at Purdue other than win-
ning an award or if you get approved for a program like IMPACT or 
something like that. But there’s no rewards. We’re all judged on creative 
endeavor or research.”
Regarding resources, fellows identified a lack of resources for course and 
classroom support that were creating barriers to the implementation and sus-
tainability of their redesigned course. They indicated that the administration 
of courses was not aligned to support large, foundational courses that differed 
from traditional lecture, recitation, and laboratory formats. For example, the 
course registration system was not well equipped to distinguish and appro-
priately label redesigned courses from their traditional counterparts. This was 
especially problematic when not all sections of a large enrollment course had 
been redesigned. 
“When the students signed up for this class they had to sign up for two 
different sections, because the university has to be able to track them 
and so there’s actually two [course numbers] for this hybrid course, the 
one for the 75 minutes they’re in class, and another one for the 75 min-
utes they’re watching, and to me that’s just frustrating in that we can’t 
come up with a new classification. . . .”
Additionally, faculty fellows noted that a large barrier to implementing and 
sustaining their redesign was the availability of trained teaching assistants; they 
noted that they were unaware of any university resources that had been devoted 
to developing more of the skilled teaching assistants needed to facilitate large 
378 FACULTy DEvELoPMEnT
enrollment courses. Faculty fellows also felt that few concrete examples were 
available to serve as inspiration and motivation when creating and document-
ing their redesigned course. 
“TA training is gonna be a huge problem, you can’t just be people like 
me who are continued lecturers who are here full time and have vested 
interest in the long-term success of this course; it’s gotta be able to be a 
transferable skill, so that TAs who walk in, these kids are 24 years old, 
23 years old, right out of college, and are they gonna be in charge of 60 
kids in a classroom, and are they gonna be interactive with them? They 
have enough trouble standing in front of 30, and (inaudible) lecture 
sometimes. God love them but it’s a skill that you have to learn over 
time: how to interact with students.”
“I go through the educational literature also in vain . .  . Now give me 
an example about [discipline specific concept] that shows how I can 
do this. Give me a problem that I can present to my student that has 
these kinds of aspects to it that you are recommending. Because other-
wise what happens is, like, oh, here’s the abstract description of it. And 
there’s me over here trying to figure out how on Earth am I gonna do 
that, and again that takes a huge amount of time to make that very easy 
to describe in the abstract.” 
Regarding classroom resources, faculty primarily described course size 
and classroom space as barriers. They indicated that it was not likely that their 
course would be getting any smaller, but that very few classroom spaces de-
signed for interactive teaching were large enough to accommodate their course.
“The competition for that room is gonna start getting a little, it’s gonna 
get a little high, and so . . . We need more of those rooms . . . You know, 
you can’t show us the promised land and then shut the door on us. So if 
we’re gonna do this, we gotta do it, and my concern is that all those mo-
mentums are gonna get lost because we’re gonna have a space problem 
and then, suddenly, it’s just gonna die and then that’s it.”
“I teach [science] but there’s no way that I can do [science] demonstra-
tions ‘cause there’s no, you know, laboratory bench [in the classrooms 
designed for active learning].”
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dIsCussIon
This preliminary study has identified two main types of faculty-reported bar-
riers to course redesign and implementation: cultural norms for teaching and 
learning, and institutional structures. These two types of barriers weave through 
multiple domains at the university, including interactions with students and 
colleagues, decisions about how best to plan for successful promotion and ten-
ure, and how to navigate and secure university resources, such as space, for 
redesigned courses. 
Many of the barriers identified here have been described previously, includ-
ing student resistance, promotion and tenure policies and professional identity 
as an instructor at a research university (Henderson & Dancy, 2007; Brownell & 
Tanner, 2012; Walczyk et al., 2007). However, several issues raised by faculty at 
this large, research university are new or have been less than robustly described 
in the current literature. Professional identity is rarely described as a barrier 
to innovative teaching; however, it weighed very heavily on the minds of the 
tenure-track faculty who participated in this study. Although many disciplines 
consider teaching to be a lower-status and lower-paid task (Brownell & Tan-
ner, 2012), the impact of status as a barrier to teaching innovation is rarely 
described as a gendered phenomenon. However, some of the women faculty 
participating in this study felt that the potential for loss of status as a result of 
being too closely identified with innovative teaching was magnified because of 
their gender.
Student resistance is often described in the literature as an obstacle to peda-
gogical innovation. However, much of this discussion focuses on domestic stu-
dents and American K–12 education. This study highlights a related issue that 
is important to consider due to the increasingly international student pool at re-
search universities—the large difference in students’ understandings of the roles, 
responsibilities and even purposes of post-secondary teaching and learning and 
the importance of communication fluency in active-learning classrooms.
Finally, while resources such as space and technology are often discussed 
as barriers to reform, longstanding and entrenched systems, such as those that 
govern course registration, scheduling and designation, are often left out of the 
conversation. Frustrations with these barriers can quickly sap the energy and 
momentum of instructors or departments trying to engage in course reform. 
This study offers insight into faculty perceptions with regard to barriers 
to educational reform at a large research university. While these findings may 
be applicable to other similar universities, the mission, structure, and cultural 
norms at other institutions may substantially impact perceived faculty barriers 
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in these contexts. Nonetheless, an understanding of the barriers faculty per-
ceive with regard to educational transformation is a key element in designing 
successful intervention strategies.
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In order for researchers and administrators involved in educational transfor-
mation to make informed decisions about their next step, they need to have 
data they can rely on. For this goal, they need to engage in serious efforts to 
probe the progress of their efforts, relative to their goals, and to have the tools 
that will allow them to measure the efficacy of their efforts. The chapters in 
this section describe a selection of approaches to developing metrics, selecting 
evaluation tools, and carrying out assessment. Reimer and her colleagues begin 
this section by addressing what happens when an innovation moves beyond 
the context of its original design. They look at the widespread use of clickers 
to gain a better understanding of their effectiveness outside the initial carefully 
prepared intervention. Lawrie and her colleagues follow with an examination of 
first-year chemistry programs in five Australian institutions, where faculty col-
laborated on the development of diagnostic tools, formative feedback, and mul-
tiple face-to-face and self-regulated online study modules. The faculty aim to 
transform instructional and assessment practices for diverse STEM cohorts at 
the beginning of their undergraduate education. The third chapter follows with 
Walter and her colleagues presenting the development and large-scale, interdis-
ciplinary use of two instruments designed to evaluate climate and institutional 
practices: the Survey of Climate for Instructional Improvement (SCII) and the 
Postsecondary Instructional Practices Survey (PIPS). In the final chapter of this 
section, Fairweather, Trapani, and Paulson explore how to determine what data 
serve the goal of measuring institutional level change, and how to engage a 
disparate set of institutions in gathering data jointly so as to make progress in 
understanding widespread institutional change. They present an approach to 
gathering data across a set of AAU institutions about faculty attitudes and prac-
tices, and about the perceptions of institutional leaders on both faculty views 




Clickers in the Wild:  
A Campus-Wide Study of Student Response Systems
Lynn C. Reimer, Amanda Nili, Tutrang Nguyen,  
Mark Warschauer, and Thurston Domina
Global labor markets increasingly demand professionals with sophisticated 
skills in science, technology, engineering, and mathematics (STEM; Lansi-
quot et al., 2011; Vergara et al., 2009). However, too few U.S. college graduates 
possess these skills (Goldin & Katz, 2009; Levy & Murnane, 2012). Instruc-
tional methods in undergraduate STEM courses may be partly to blame. These 
courses typically take place in large lecture halls in which expert teachers trans-
mit knowledge with minimal student interaction. Several observers argue that 
this course design contributes to the high level of attrition seen in STEM majors 
during the early undergraduate years (Baillie & Fitzgerald, 2010; Kyle, 1997; 
McGinn & Roth, 1999; Mervis, 2010; NAE, 2005). Student response systems 
(SRS), commonly known as clickers, may improve student outcomes in STEM 
by facilitating real-time classroom interaction, providing immediate feedback 
to both students and teachers, and creating opportunities for students to prac-
tice solving real-world problems. For this mixed-methods study, we observed 43 
courses (enrolling nearly 15,000 students) over two academic terms, conducted 
41 instructor interviews, and analyzed institutional data from the University of 
California, Irvine (UCI). Special attention was given to student outcome mea-
sures and instructor implementation strategies. We found that students earn 
slightly higher grades in courses that use clickers, with heterogeneous effects 
for females.
baCkground
A key challenge for undergraduate STEM education involves student achieve-
ment and persistence. Clickers are being implemented across STEM undergrad-
uate courses as a means to improve the learning experience for students. The 
literature on undergraduate clicker implementation addresses four domains: 
(1) student engagement and perception of learning, (2) student achievement, 
(3) gender inequality in STEM, and (4) innovative instructional practices. We 
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briefly review each domain as background for discussion of clickers, instruc-
tional pedagogies, and research questions. 
student engagement and Perceived learning
Clickers have been implemented in many large lecture courses as a means to 
increase student engagement. Multiple studies suggest that students feel more 
positive about the learning experience and more engaged when clickers are 
implemented (Blasco-Arcas, Buil, Hernandez-Ortega, & Sese, 2013; DeGagne, 
2011; Wolter, Lundeberg, Kang, & Herreld, 2011; Cain, Black, & Rohr, 2009). 
Specifically, Han and Finkelstein (2013) considered students’ own perceptions 
of engagement and learning over four semesters in multiple lower and upper 
division STEM courses that incorporated clickers into instruction. The project 
aimed to enhance learning and engagement using inquiry-based practices with 
peer interaction and real-time feedback. Results were gathered via a question-
naire and suggested that students perceived clicker assessment and feedback as 
increasing both engagement and learning. 
student achievement
Few studies have addressed how clicker use may be associated with student 
achievement. However, one study examined the academic achievement across 
three lecture courses using different clicker strategies: (1) clicker technology 
for group questioning, (2) group questioning without clickers, and (3) no form 
of group questioning or clickers (Mayer et al., 2009). The study compared the 
standardized exam scores (midterms and finals) of the three groups. Overall, 
the clicker group scored one-third grade point higher in academic achieve-
ment compared with the other groups. These results suggest that the immediate 
feedback from clickers has an advantage over the costs of using paper-based 
questioning, which provides feedback to students after a significant delay. How-
ever, the study focused on upper division students—who have had an oppor-
tunity to gain the skills necessary for academic success in these types of lecture 
courses—and the average enrollment of the course was moderate (119 stu-
dents). To determine if clickers work as an intervention for students who need 
help the most—those who are new to the university setting—additional study 
is needed to replicate and validate findings with large, lower division gateway 
STEM courses. 
In another study of clicker use in a larger (enrollment of 175) second year 
physiology course, student outcomes were analyzed by dividing the students 
into low-, middle-, and high-achieving cohorts based on performance in the 
prerequisite course (Gauci, Dantes, Williams, & Kemm, 2009). The authors 
found that students from the low achieving cohort earned significantly higher 
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exam scores when compared with low achieving cohorts in the same course 
previously taught without clickers. Exam score differences were minimal for 
middle- and high-achieving cohorts. Put another way, those students least 
likely to succeed in this STEM course showed significant achievement gains 
when clickers were implemented as compared with previous years without the 
intervention. 
Both studies focused on a single class taught by the same instructor, who 
was presumably motivated to improve instruction, as clicker implementation 
was compared to previous years. Thus, other factors in the aforementioned stud-
ies may interfere with addressing whether clickers, as an instructional tool, are 
strongly associated with student achievement. Further study that includes many 
courses and instructors is necessary. However, both studies may offer some in-
sight into one possible instructional tool that may help close the achievement 
gap for women in large, undergraduate STEM courses (Xie & Shauman, 2003; 
Hill, Corbett, & St. Rose, 2010).
women in sTeM
A recent study on the use of clickers in introductory biology courses at nine 
different institutions, including 12 faculty and 1,457 lower division undergrad-
uates, found women and non-science majors significantly preferred courses 
taught with clickers, compared with the courses taught without clickers (Wolter, 
Lundeberg, Kang, & Herreld, 2011). Faculty taught six to eight topics alternat-
ing between lecture and case studies with clickers. Although student prefer-
ence might be linked to increased student academic performance, further study 
is needed to validate the link between clicker usage and student achievement, 
especially for women in STEM. Clickers may offer an instructional reform for 
large, gateway STEM courses that particularly benefits women in STEM with-
out disadvantaging other groups. 
While evidence is growing regarding how clicker use affects engagement, 
perceived learning, student achievement, and benefits for women, we need a 
better understanding of the related instructional pedagogies and innovations 
that may be associated with clicker use and positive student outcomes. Further 
study is needed across disciplines and instructors, in large gateway courses, and 
during the same time period to eliminate instructor bias. 
Clicker Implementation
Because increased class sizes, typical in undergraduate STEM courses, di-
lute the opportunities for students to actively participate in class discussions, 
thoughtful implementation of clickers creates the potential for a more active, 
engaged learning environment where instructor queries become dynamic and 
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dialectical. All students can respond simultaneously and anonymously, provid-
ing equal access for students who may be reluctant to raise their hands or speak 
out in class. All students receive real-time feedback, as does the instructor—if 
a significant number of students fail to answer the question correctly, she can 
immediately reteach the concept. This creates an opportunity for instructors to 
offer deeper explanation, conceptual development, and problem-solving dur-
ing class (Patterson et al., 2010). Additionally, students can interact with one 
another for collaborative brainstorming (Mayer et al., 2009). 
Our study fills a significant gap in the research on clickers by analyzing how 
student achievement in large, gateway STEM courses may be enhanced when 
clickers are implemented, including instructional methods of implementation 
of clickers. To date, studies have either focused on one course taught by one 
instructor, or on a single discipline (e.g., introductory biology). Because the use 
of clickers is becoming more common in large lecture courses, a naturalistic, 
population-based approach to the study of clicker implementation and associ-
ated student outcomes across a range of STEM disciplines is essential. Addi-
tionally, for those instructors interested in implementing clickers, research that 
highlights the ways in which clickers are used is particularly important. Thus, 
two research questions framed this work: First, does clicker use in STEM gate-
way courses positively impact student achievement, with special attention to 
underrepresented groups (i.e., women and URMS)? Second, what instructional 
pedagogies appear to coincide with clicker implementation? 
MeThod
sample
These questions were addressed through the WIDER—EAGER: Documenting 
Instructional Practices in STEM Lecture Courses research program at the Uni-
versity of California, Irvine. During fall and winter terms, we observed and 
videotaped gateway STEM courses (N = 43) across seven departments: Bio-
logical Sciences, Computer Science, Engineering, Chemistry, Mathematics, and 
Physics. Observations were made within the first two weeks of instruction and 
within the last two weeks of instruction for each course. Average course en-
rollment was 322 (SD = 103). In the case of multiple course sections, the sec-
tion with the largest enrollment was observed. The instructors we observed 
and interviewed included 18 full professors, eight associate professors, four as-
sistant professors, nine lecturers, and three graduate students; four instructors 
declined to participate and one declined to be interviewed. The undergraduate 
sample included over 7,000 students (49% Asian, 20% Hispanic, 13% White, 
1.5% African American, 16.5% other, 55% first generation, 41% low income 
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status, and 52% female); many were enrolled in more than one STEM gateway 
course (N = 14,722). Students were informed of the study through the campus 




The research team developed a class observation protocol entitled Simple PRoto-
col for Observing Undergraduate Teaching (SPROUT). We adapted content from 
three well-known observation protocols: U-Teach Observation Protocol (UTOP; 
Walkington et al., 2012); the Reformed Teaching Observation Protocol (RTOP; 
Sawada et al., 2002); and Teaching Dimensions Observation Protocol  (TDOP; 
Hora & Ferrare, 2014). Overall inter-rater agreement for SPROUT was robust 
(Cohen’s κ = .80). SPROUT includes both quantitative and qualitative pieces. 
Dimensions used in this study include (a) whether clickers were used; (b) num-
ber of questions; and (c) the relationship of clicker use to instructional ped-
agogies, including: the instructor solving problems in front of the class, peer 
interaction, and feedback from the instructor (the instructor modifies the lec-
ture after seeing responses to a clicker question). Table 1 offers descriptive data 
on clicker usage and associated instructional practices.
Instructor interviews 
In addition to SPROUT, we conducted semi-structured interviews with the 
instructors at the conclusion of each course. Interview prompts covered the 
same topics noted in SPROUT. For co-taught classes, instructors were given 
Table 1. descriptive data on Clicker usage in observed Courses
  fall 2013 winter 2014
Courses using clickers 6/23 (30%) 9/20 (45%)
Biology 3/3 4/4
General Chemistry 1/4 3/6
Physics 2/2 2/2
Methods of Implementation
Courses using problem-solving with clickers 5/6 8/9
Average # of questions 3.73 2.78
Courses where instructors modified the lecture 
after a clicker question
5/6   6/9
Courses using peer interaction with clickers 4/6 4/9
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the option to be interviewed together or separately. Interview prompts included 
(a) strategies to promote student engagement, (b) formative assessment of stu-
dent understanding in class, (c) instructor interaction styles with students dur-
ing and after class, (d) student interaction styles with each other during and 
after class, (e) technology use in class, and (f) problem-solving strategies. 
Institutional data 
Student achievement outcomes (course grade and course progression) for ob-
served classes were evaluated using data obtained from the university’s Office of 
Institutional Research (OIR). Baseline achievement data included high school 
grade point average, SAT scores, and average score on STEM advanced place-
ment exams. Current achievement data included grade in the observed courses, 
enrollment in subsequent course (operationalizing persistence), and subse-
quent course grade. 
analysis
Quantitative analysis 
Logistic and ordinary least squares regression examined clicker use in observed 
course as the independent variable and current course grade, progression to 
next course, and grade in subsequent course as the dependent variables. We 
used interaction terms for gender, ethnicity, first generation, and low-income 
status for all three regressions to identify heterogeneous effects. We also used 
interaction terms for instructional methods associated with clicker implemen-
tation. We controlled for prior academic achievement (i.e., high school grade 
point average, SAT verbal and math scores, and average score of STEM ad-
vanced placement exams), along with gender, ethnicity, first generation, and 
low-income status. We also analyzed a subset of introductory chemistry courses 
to offer a quasi-experimental approach of comparing the same course with and 
without clickers. To preserve data on all cases for variables of interest, missing 
data were controlled for on the following variables: math and verbal SAT scores, 
high school GPA, and AP exam scores, as international and transfer students do 
not have to report any of these. In some instances, gender and/or ethnicity was 
not provided through the institutional data.
Qualitative analysis 
The descriptive measures on SPROUT and instructor interviews provided rich 
qualitative data on the use of clickers and instructional pedagogy. Interviews 
were transcribed and reviewed for emerging themes. Three themes emerged 
that were linked to clicker implementation: (1) problem-solving, (2) peer in-
teractions, and (3) feedback in the form of correct answer and subsequent 
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explanations (Ryan & Bernard, 2003; Siedman, 2006). These themes are sup-
ported in the literature as potentially leading to positive student outcomes, 
including grades and persistence in STEM (NAE, 2005; Nielsen, 2011; Singer, 
Nielsen, & Schweingruber, 2012). These strategies were then cross-referenced 
with descriptions of in-class instructor practices from the observation protocol. 
resulTs
student achievement and women in sTeM
The first research question considered whether clicker use in large, introduc-
tory STEM courses positively impacted student achievement (i.e., grade in 
course, course progression, grade in subsequent course) and if there were any 
heterogeneous effects. Table 2 shows the impact of clicker use on grade in the 
observed course. Clicker use is associated with a 0.15 (p < 0.001) positive effect 
for all students on the grade in current course. An additional positive effect of 
0.05 (p < 0.01) for women ameliorates the disadvantage that women experience 
in these courses. However, clicker use did not improve overall course progres-
sion or grade in the next course, compared with courses not using clickers. Our 
additional analysis of introductory chemistry courses afforded the comparison 
of clicker use (N = 4) and nonuse (N = 6) across different sections of the same 
course as a robustness check. This course is a pre-requisite course for nearly all 
STEM majors, the first introductory chemistry course in a three-course series. 
The results were consistent with the overall sample.
Clicker Implementation
The second research question sought to identify those instructional methods 
associated with clicker implementation. Again, Table 1 offers descriptive data 
on clicker usage and associated instructional practices. We observed clickers 
in all introductory biology and physics courses and a few general chemistry 
courses. Clickers were used in the context of problem solving by 13 of the 15 in-
structors, such as case studies in biology or multi-step, calculation-based ques-
tions about real-world problems in chemistry or physics. The average number 
of clicker questions was approximately three per class, with most frequent use 
observed in biology courses. Eleven of the 15 instructors who used clickers 
modified their lecture based on immediate student responses. In cases where 
students’ responses were evenly divided, instructors modified their lecture by 
spending additional time addressing misconceptions or having the students 
talk to one another and reconsider their answers. In some instances, students 
were given a second chance to answer the same question, particularly when 
clicker results were initially split 50-50. Additionally, eight of the 15 instructors 
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allowed or encouraged peer interaction when figuring out a clicker question. 
Table 3 examines differential effects on achievement when clickers are used in 
conjunction with the following practices: (1) whether the instructor was solv-
ing problems in front of the class connected to the clicker questions; (2) the 
Table 2. The effect of Clicker use on student achievement
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number of clicker questions; (3) whether instructors modified the lecture fol-
lowing a clicker question; and (4) peer interaction during clicker questions. We 
found that the positive effects of clickers were consistent across each of these 
methods of implementation. In many of the classes that we observe clickers, 
the additional instructional practices, such as peer interaction, are happening 
in the context of clickers. Thus the additional benefit is negligible. In the case of 
problem solving (small negative effects), those are offset by the larger effect of 
clickers. Problem solving does occur in some other classes, whereas peer inter-
action occurs only in conjunction with clickers.
Table 3. The Impact of Clickers on student achievement
Methods of Implementation
Clickers 0.15*** 0.19*** 0.15*** 0.18*** 0.16***
(0.02) (0.02) (0.02) (0.02) (0.02)
Problem Solving -0.03**
(0.01)
Clickers x Problem Solving -0.04***
(0.01)
Total # questions 0.02
(0.01)








Clickers x Peer Interaction -0.06*
(0.02)
N 14722 14722 14722 14722 14722
R2 0.206 0.209 0.206 0.207 0.207
note: Standard errors in parentheses. Interaction terms are designated by a product term. Student 
achievement is measured as grade in observed course.
*p < 0.05. **p < 0.01. ***p < 0.001.
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In addition to descriptive data from the SPROUT, instructors provided de-
tailed responses in semi-structured interviews regarding instructional pedago-
gies and potential insight into why they used clickers. A majority linked clicker 
implementation with current topics or review of previous lecture topics. At 
times, this was extended to include content review from the prior term. Most 
instructors cited student engagement as a motivation for clicker incorporation. 
In the words of one biology instructor: 
I found it [clickers] to be a fun tool to engage the students because it 
was entertaining. I could, for example, talk about how one section got 
tripped up on this question. All of a sudden I have their attention. They 
want to outperform the other [class] section. Other times I go through 
a section of material and I will ask them a pretty hard question and 80% 
will get it wrong. Then I’ll spend a couple of slides explaining why they 
got it wrong, but that [clicker] attention grabber is what I was after. 
They stop, they pause, they take it in, and they understand the explana-
tion. Then I’ll ask another question and it’ll flip. Now 80% get it right. 
This example associates engagement with formative assessment in clicker 
feedback; students are afforded the opportunity to answer questions a second 
time. Related to this discussion, instructors noted a fruitful association between 
student interactions and problem solving where clickers were implemented. A 
general chemistry instructor observed: 
Usually everyone gets the right answer but sometimes there’s a discrep-
ancy. It might be 50-50 or 75-25. “Okay! So there are two possible an-
swers, find someone near you who gave the other answer and convince 
them they are wrong.” Then we do it again. I give them two and three 
minutes to talk about it and then generally it goes from 50-50 to 75-25. 
So not everyone gets it, but it’s the idea for the student that coming 
to class matters and thinking, “I might have to do something in class 
today,” which I feel helps. 
This instructor taught general chemistry off-sequence, meaning these stu-
dents either failed the same course in the previous term or could not enroll any 
earlier because their SAT math score did not meet a threshold of 600. 
Two instructors shared plans to use clickers in the future as a means of in-
creasing student interaction and feedback. No instructors described clickers as 
difficult to implement; some simply preferred alternative methods to promote 
feedback and engagement. In fact, ease of implementation is one reason cited 
for their inclusion in all first year biology courses at UCI.
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dIsCussIon
student achievement
Increasing persistence in STEM undergraduate programs continues to be a 
major research focus. The present study investigated the use of clickers as a tool 
to promote student success and accessibility in undergraduate STEM programs. 
We found a positive association between clicker use and student achievement, 
with added benefit for women, in large gateway lecture courses. This builds on 
a wealth of literature of small single course studies that have found the same 
results. The lack of any association to course progression merely affirms that 
students likely to persist will do so with or without innovative instruction. Our 
concern is for students who are less likely, namely women and other underrep-
resented groups, to succeed in STEM majors. It was disappointing that clicker 
use was not able to ameliorate the disadvantage that Hispanic students seem to 
have in these introductory STEM courses. Further study on other instructional 
innovations may reveal differential benefits for these underrepresented groups.
Clickers are simple to implement, making it increasingly difficult to justify 
their absence from lecture halls, especially given their proven ability to improve 
student achievement, particularly for women, in STEM classes. To obtain an 
expanded understanding of clickers and underrepresented groups, we intend 
to collect more nuanced data on the kinds of clicker questions (true/false or 
multiple choice), the amount of time required to arrive at an answer (e.g., is the 
question simple or more complex), and to what extent student collaboration is 
encouraged in the context of clicker questions. With additional course obser-
vations over time, we will be able to study persistence beyond lower division 
STEM courses by tracking students through their major program to graduation. 
women in sTeM
We found that clicker use in gateway STEM courses was positively associ-
ated with student grades, especially for women, closing the gender gap. This 
validates smaller studies that found women and non-science majors preferred 
STEM classes that incorporated clickers, compared with those that do not, and 
that clickers had the greatest impact on low-achieving students (Wolter et al., 
2011; Gauci et al., 2009). Clickers may offer a simple instructional reform that 
increases success for underrepresented groups, including women, in STEM. 
The present study suggests that student collaboration during lecture provides 
opportunities for students to “talk out” the content, which may be a preferred 
learning strategy for students with a weaker skill set or lower self-efficacy. Be-
cause clickers enable anonymous, formative assessment, and an opportunity 
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to practice and improve critical thinking skills, this may explain the positive 
association between increased grades for all students and closing the gap for 
women in courses that incorporate clicker usage. Furthermore, the greatest 
benefit may exist for underrepresented students—those overrepresented in off-
sequence STEM gateway courses—by giving them a non-threatening chance to 
address their misconceptions. Further research is needed to assess what other 
instructional practices may be beneficial for women and other underrepre-
sented groups in STEM courses. 
Clicker Implementation
Feedback
Clickers enable increased formative (i.e., real-time feedback) rather than sum-
mative (i.e., linked to grade) assessment (Mayer et al., 2009; Cain, Black, & Rohr, 
2009; Guthrie & Carlin, 2004), a pedagogical strength of clicker use. Instructors 
who modify their lectures in response to student answers presumably help stu-
dents stay on track and identify gaps in topical understanding with anonym-
ity—students can safely check their answers for accuracy against the class and/
or discover that incorrect responses are neither unique nor unusual (Patterson 
et al, 2010). Formative assessment with clickers offers a low-stakes opportunity 
for student discussion regarding the correct response and challenges inherent 
in the problem or case. Instructors are able to instantaneously gauge overall 
class comprehension and adjust accordingly. This may prove useful in contexts 
where sophisticated problem-solving skills are required for student persistence 
in STEM. 
Problem-solving 
Over the past several years, all introductory biology courses at UCI have ad-
opted clickers as part of grant-funded research to “help faculty maintain pro-
ductive research careers while teaching more effectively in large classrooms,” 
(O’Dowd, 2014). The vast majority of the time, we observed clickers being used 
in the context of problem-solving. Previous literature that associates clickers 
with positive student outcomes studied courses in which clickers were used in 
conjunction with case-based questions requiring problem solving, rather than 
simple content questions, and resulted in higher exam scores (Levesque, 2011) 
and positive student attitudes (Han & Finkelstein, 2013; Wolter et al., 2011). 
We intend to collect more detailed data on problem-solving (e.g., the extent to 
which the instructor explicitly shares scientific thinking and step-by-step strat-
egies to arrive at a solution). We feel problem-solving may be another aspect of 
instruction associated with increased student achievement.
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Peer interaction 
Our study affirms other research that clickers provide an opportunity for stu-
dents to interact with one another and with the instructor, creating a dynamic 
setting where all students are responding to questions, rather than a select few 
(Patterson et al., 2010; Mayer et al., 2009). Clickers provide opportunity for col-
laborative learning. We observed peer interaction in half of the courses using 
clickers. We intend to investigate further the relationship between clickers and 
interactive learning, as interactive learning may also be associated with in-
creased student achievement. Feedback, problem solving, and interactive learn-
ing in the context of clicker implementation seem to be a catalyst for increased 
engagement and student achievement. 
student engagement
It is difficult for STEM instructors to consistently engage students in large gate-
way courses. Instructor concern regarding student engagement was substantial. 
Instructors currently using clickers offered considerable detail regarding imple-
mentation advantages, including engagement and collaboration with peers on 
problems, raising the stakes for class attendance and providing a mechanism 
for students to receive non-threatening formative assessment through feed-
back. Pedagogical implementation is a particularly important concern. Prior 
work affirms a positive correlation between professional development for in-
structors and how students perceive clicker use (Han & Finkelstein, 2013); this 
perception in turn correlates with how effective clicker use increased student 
interactions (Peterson et al., 2010). Instructors in our study favored clickers as 
a means to enhance student engagement. Further study is needed to explore 
student self-efficacy and motivation, as increased engagement may be course-
specific, but increased self-efficacy and motivation may strengthen long-term 
persistence in STEM.
Our naturalistic, population approach of observing STEM introductory 
courses revealed that instructors used clickers as a means to improve student 
engagement. Accordingly, we have modified our observation protocol to cap-
ture further details on how clickers operate in conjunction with problem solv-
ing, feedback, and interactive learning as avenues of not only increased student 
engagement, but potentially increased self-efficacy and motivation. In sum-
mary, clickers are well adapted to improving instruction in large, introductory 
STEM courses. Like any instructional innovation, implementation success de-
pends on how the tool is embedded within a coherent and effective instruc-
tional pedagogy.
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Closing the Loop: A Model for Inter-Institutional 
Collaboration Through Delivering Formative 
Assessment in Large, First-Year STEM Classes
Gwendolyn Lawrie, Anthony Wright, Madeleine Schultz, 
Tim Dargaville, Roy Tasker, Mark Williams, Simon Bedford, 
Glennys O’Brien, and Christopher Thompson
When students start their tertiary studies they move into a new world which 
differs in many ways from their prior experiences, including the way they were 
taught, access to faculty, learning environments, class sizes, expectations of in-
dependence and time management (Torenbeek, 2011). The first year experi-
ence (FYE) has become a pivotal focus for institutional programs that recognize 
that many students struggle in this transition. Such programs aim to improve 
student retention in tertiary studies through provision of orientation and men-
toring activities. These initiatives have become widespread and are typically in-
formed by key research in the field in terms of transition pedagogies (Kift, 2009; 
Kift, 2010; Lawrence, 2005) and student engagement and retention (Kuh, 2008; 
Carini, 2006; Tinto, 1987; Tinto, 2005) (Table 1). 
Engagement and retention of students in the science, technology, engineer-
ing and mathematics (STEM) disciplines in particular has attracted widespread 
attention worldwide for several decades. In Australia, the number of students 
opting to study STEM subjects at high school, or entering STEM fields of study 
at university has been in decline (Office of the Chief Scientist, 2012). A recent 
report that benchmarked Australian achievements in STEM disciplines against 
international data further endorsed the need to enrich STEM education at all 
levels (Office of the Chief Scientist, 2014).
As students begin their tertiary studies, they are likely to encounter mul-
tiple programs, opportunities and activities to support them offered by dif-
ferent stakeholders, including their peers, discipline faculty, their department 
and their institution. Students who possess a high degree of self-efficacy and/
or confidence, which many school leavers have at the commencement of their 
tertiary studies, may not perceive that they require support at that stage and 
indeed a relationship between high self-efficacy and academic success exists 
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(Friedlander et al, 2007; Chemers et al, 2001; McKenzie & Schweitzer, 2001). 
For many students, as they progress in their studies, they encounter assessment 
across multiple units of study and it is often at this point that many begin to lose 
confidence or the ability to successfully manage their time (Rausch & Hamil-
ton, 2006). Indeed, many students are the first in their family to enter tertiary 
TAbLe 1. key recommendations for Institutional Initiatives to Improve the fye and 
retention
Context recommendation source
First year Transition 
Pedagogy
First year experience program strategies:
•	Curriculum that engages students in learning.
•	 Proactive and timely access to learning and life 
support.
•	 Intentionally fostering a sense of belonging.
•	 Sustainable academic faculty-professional 
partnerships.
kift et al. (2010)









•	 Familiarize students with the university.
•	Develop students’ sense of purpose and direction.
•	 Facilitate students’ engagement.
•	 Promote and enhance students’ learning.
Pitkethly and 
Prosser (2001)
Engagement Scales to measure student success related to student 
engagement:
•	 Level of academic challenge
•	Active and collaborative learning
•	 Student-faculty interaction
•	 Enriching educational experiences
•	 Supportive campus environment
•	 reading and writing
•	quality of relationships
•	 Institutional emphasis on good practices
•	higher-order thinking
•	 Student-faculty interaction concerning 
coursework
•	 Integration of diversity into coursework
Carini et al. (2006)
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study and hence do not possess the required cultural capital in regard to the 
expectations of the tertiary experience (Tinto, 1987). 
Initiatives to monitor student engagement and completion of assessment 
tasks in lower-division courses, through learning management systems, are be-
coming prevalent in many institutions. These can enable early detection of stu-
dents who are at risk of not completing their studies successfully. The problem 
is that once the issue has been identified, there is still a substantial reliance on 
the individual student to self-remediate in their studies. Self-regulation is un-
likely to be a skill that they have been taught to apply during high school or that 
they can transfer. While such systems are useful, faculty are often better placed 
to identify any individual students who have disengaged or drifted away from 
course activities and to support their re-engagement. A strengthened relation-
ship between student and faculty in relation to the coursework is one of the 
recommendations to improve retention (Table 1). However, an individual unit 
(course) coordinator or instructor may not have either the capacity or strategies 
to identify and support students at risk so a range of models of institutional-
level support for faculty are required. In this study, we report the outcomes of 
a multi-institutional collaborative initiative to provide faculty with strategies 
and resources to diagnose and respond to students who are poorly prepared for 
their studies in a core STEM discipline, chemistry. The principles and exem-
plars of practice are transferrable to any STEM discipline.
raTIonale
developing sustainable practices at the unit level
While programs and support processes are likely to be available at the institu-
tional level, there is often disconnection with practices at the disciplinary unit 
(course) level, particularly in very large enrolment STEM courses. A unit of 
study (course) is generally designed and implemented by discipline faculty who 
are often unaware of the individual issues that their students are facing, and are 
focused on measuring disciplinary learning outcomes. Pedagogical strategies, 
such as inclusive practice to address student diversity (Lawrence, 2005), can be 
challenging for faculty to implement and, without professional development or 
support, they may be overwhelmed by the institutional goals in terms of rec-
ommended practices and pedagogies (Table 1). One goal that can be achieved 
through strategic initiatives at the discipline unit (course) level addresses the 
academic orientation objective of enhancing students’ learning by: “taking into 
account the variation in skills and experience of students, and where necessary, 
raising their skills and knowledge to a basic level by addressing deficiencies 
and enhancing skills already present” (Pitkethly & Prosser, 2001, p192). This 
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objective requires that faculty establish what the existing knowledge and skills 
of students are when they start their studies. This assessment activity aligns 
with the shift in institutional practices to measure and benchmark student 
achievement as part of accreditation, and the project reported here provides a 
mechanism to attain this goal.
In recent years, accreditation has become increasingly important to both 
governments and tertiary institutions, and it influences institutional assessment 
of student learning. In Australia, the Australian Learning and Teaching Council 
implemented the Learning and Teaching Assessment Standards (LTAS) proj-
ect in 2011, which catalyzed the development of discipline-based statements 
of threshold learning outcomes (TLOs) for many disciplines. These are the 
minimum levels of achievement that a student must demonstrate when they 
graduate from their program of study. The science TLOs include understanding 
science, scientific knowledge, inquiry and problem-solving, communication 
and personal and professional responsibility (Jones et al., 2011). Evaluation of 
how each program of study measures students’ achievement against each TLO 
involves the difficult task of mapping the form and weighting of assessment 
across multiple courses/units within a degree, but can provide insights into how 
we can align and improve assessment (Schultz et al, 2013). Thus, accreditation 
has the potential to drive assessment of student learning outcomes. 
Providing students with information on the extent of their preparedness for 
studies as they start their tertiary studies serves three purposes: (1) it provides 
a “baseline” to judge a student’s progression in their learning outcomes; (2) it 
provides faculty with a profile of the students in their class to which they can re-
spond in teaching; and (3) it provides an opportunity to supply formative feed-
back to students on which they may act. The last of these is a persistent theme 
in recommendations at both the institutional and program levels, which recog-
nize the potential role and importance of the provision of diagnostic feedback 
to students as part of transitional pedagogies (Yorke, 2001; McInnes, James, 
& McNaught, 1995). Common themes arising from investigation of first-year 
student attrition are large classes, poor time-management skills and lack of edu-
cational direction, all of which may be addressed, in part, through the provision 
of useful formative feedback. While known to be a critical factor in students’ 
engagement in their learning, there are few studies that report large-scale ini-
tiatives to deliver formative feedback to first-year students. Formative feedback 
can only be delivered as part of formative assessment, which opens a can of 
worms because of tensions between faculty spending time formulating and de-
livering assessment and feedback, and student engagement in assessment that 
is not traditionally awarded course marks (Nicol & MacFarlane-Dick, 2006). As 
part of a recently completed Australian Office for Learning and Teaching (OLT) 
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Innovation and Development Grant, the authors, a team of chemistry faculty, 
located at five separate institutions, have collaborated to explore mechanisms 
for diagnosing student conceptions in chemistry and providing formative feed-
back in parallel with learning resources that support students in self-regulated 
study (Lawrie et al, 2013). These institutions, all located in metropolitan sites, 
represent the three largest states in Australia and over 5,000 commencing un-
dergraduate students in chemistry courses/units. Thus, this study provided a 
unique multi-institutional lens into the opportunities and challenges that face 
faculty in a first-year STEM environment. 
exeMPlars
During the first year of the project, the diagnostic tool (a concept inventory) 
was developed and delivered to students as they commenced their first semes-
ter of first-year chemistry at four of the participating institutions (N=1,287). 
This enabled exploration of the validity and reliability of the instrument. The 
project team experienced a very high degree of consensus and shared vision 
for goals and activities of the project for its entire duration. However, through 
development of the associated learning modules, it became evident that the fac-
ulty in this project preferred to adapt these collaboratively developed teaching 
resources to fit their own context and students’ needs. With hindsight it is not 
surprising that a “one-size-fits-all” approach did not evolve from the project, 
but instead a range of exemplars for implementation arose. The icons shown in 
Figure 1 emphasize the variability in teaching environments that faculty worked 
in, and summarize the range of tools and contexts that existed. 
This diversity in teaching practice highlighted the potential difficulty in the 
translation of any institutionally-driven pedagogical reform from the perspec-
tive of the faculty. Indeed, a single diagnostic instrument, aimed at evaluating 
the core chemistry conceptions possessed by students who had completed high 
school chemistry was not sufficient for the project. A second instrument was 
required to provide feedback to students who had not completed upper high 
school chemistry but had experienced the foundations in junior science. Both 
instruments consist of clusters of questions for each conceptual area being in-
vestigated. Faculty opted to link the diagnostic questions to the structure of 
their course and hence delivered the subset clusters of questions when the cor-
responding concept was being discussed. Researchers who develop concept in-
ventory instruments might argue that this removes the validity and reliability of 
these questions, but this is driven by practice and the goal of delivering forma-
tive feedback (Lawrie et al, 2015). 
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Exemplars of the ways in which the faculty combined these elements of 
teaching practice are provided in Figure 2. The variables expanded beyond 
those illustrated in Figure 1 to encompass:
•	 How feedback was delivered (by faculty, through the learning man-
agement system) and its format 
•	 The learning management system (LMS), which impacted on the de-
livery of online tools and resources and how the instructors assessed 
whether students had gained in their conceptual understanding
Formative feedback to support student learning is optimal when the timing 
and format are perceived to be useful by students (Carless et al., 2010; Hattie & 
Timperlay, 2007). Individual faculty are best situated to judge when, how and 
where feedback should be delivered to their students. The timing and delivery 
of feedback, illustrated in a schematic way in each of the exemplars in Figure 2, 
was highly variable because it was tailored to each context. 
It may be tempting to look across these exemplars and conclude that the 
individual faculty were working independently of each other in their own 
fIgure 1. schematic summary of the range of tools, strategies and learning 
environments that faculty adopted in diagnosing student prior understanding of 
chemistry, delivering supporting resources for learning, and assessing learning 
outcomes.
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contexts, and if this were the case, that would make this project similar to many 
other teaching innovations at the course/unit level in single institutions. How-
ever, an underlying foundation was established during the process of collabora-
tion in the development of the instruments, the application of these common 
tools for diagnosing alternate conceptions, the development of open resources 
that students can access in response to formative feedback and shared evalu-
ation strategies that led to a shared awareness of the challenges of engaging 
first-year chemistry students in their learning. This foundation and awareness 
improved the quality of all the outputs of the project. The involvement of mul-
tiple institutions in this study generated a qualitative and quantitative data set 
fIgure 2. exemplars showing how faculty combined the core tools and resources of 
this project into their practices. These are structured to provide a snapshot of each 
learning context in terms of the identity of the student cohort and the classroom 
context.
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that will translate into multiple recommendations for practice and benchmark-
ing information that will inform institutional reforms of the first-year expe-
rience for STEM disciplines. The principles, strategies and outcomes of this 
project represent more than resources to be shared for adoption or adaptation 
by faculty, they involve a transformation in beliefs and practices, which are ef-
fective change strategies in STEM education (Henderson et al., 2011).
In the context of national accreditation of tertiary institutions, the data 
from this project provides a profile of the conceptions possessed by students 
entering their tertiary studies across three Australian states using a single as-
sessment tool. This data can inform the process of developing chemistry TLOs 
or statements around the minimum levels of understanding that students may 
achieve by the end of their first-year studies and so contributes to the overall 
process of curricular reform. Implementation of similar diagnostic assessment 
tools for the provision of formative feedback to students in other STEM dis-
ciplines will both inform the TLOs for those disciplines and further enhance 
transitional pedagogies.
Institutional reform to support the first-year experience is likely to be more 
successful if communities of academics attempting to innovate in their practice 
are fostered and supported. The project reported here demonstrates how the 
shared experiences and contexts between faculty placed in parallel roles in their 
respective institutions enabled a deeper understanding and richer examples of 
how the first-year experience could be enhanced through formative assessment 
and feedback. A recommendation from this study therefore is that higher edu-
cation funding agencies support collaborative teams of faculty within a single 
discipline across multiple institutions as a strategic route to making visible the 
barriers that often halt individual practice. Shared perspectives, experiences and 
strategies amongst faculty provide the opportunity to identify different routes 
to a common destination. As noted by Vincent Tinto in 2005 when considering 
how the theory of student retention could be translated into action, “Two areas, 
among many, that are ripe for exploration are the effects of classroom practice 
upon student learning and persistence and the impact of institutional invest-
ment in faculty and staff development programs on those outcomes” (Tinto, 
2005). While there is still scope for research to be completed addressing these 
areas, there is substantial room for growth at the institutional level.
ConClusIon
This study has highlighted the impact that can be achieved by a critical mass of 
faculty, working collaboratively across multiple institutions, when their activi-
ties align with broader institutional goals in working to increase retention of 
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students in their first-year experience. Assessment for accreditation represents 
one of many external drivers for institutional reform in teaching and learn-
ing practices, and faculty may often perceive that they are subjected to a “top-
down” approach to any implementation of change (Cummings et al., 2005). The 
activities in this project have been driven by faculty who were acting as leaders 
of change in an institutional context; their initiatives have supported several 
thousand students in becoming more independent and self-regulated learners, 
skills that will integrate across all their studies. The resulting alignment between 
“top-down” transition programs, “bottom-up” student-driven expectations of 
support and “middle”-active faculty, implementing transferable learning ap-
proaches through formative feedback, can develop connections that are more 
likely to enable sustainable transformations in practice (Brinkhurst et al., 2011).
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Describing Instructional Practice and Climate: 
Two New Instruments
Emily M. Walter, Andrea L. Beach, Charles Henderson,  
and Cody T. Williams
IdenTIfICaTIon of Challenge
Most faculty have knowledge of evidence-based instructional practices and 
access to the resources to carry them out. Despite this, efforts to transform 
postsecondary instruction have met with only modest success (e.g., Ameri-
can Association for the Advancement of Science [AAAS], 2013). Institutional 
environments and structures may be one of the underlying barriers to chang-
ing instruction (Beach, Henderson, & Finkelstein, 2012; Henderson, Beach, 
& Finkelstein, 2011). One measure of an institutional environment is climate. 
Climate is a more immediately accessible and malleable construct than orga-
nizational culture, as it can be changed through policy or other administrative 
and organization-member actions. As such, climate is a productive conceptual 
frame to apply in research that attempts to inform policy and practice change 
initiatives (Schneider, Ehrhart, & Macey, 2013). 
However, in order to measure the impact of change initiatives, it is para-
mount to have reliable and valid methods to measure climate and instructional 
practice (AAAS, 2013). The goal of this research study was to design and validate 
instruments that elicit (a) organizational climate for instructional improvement 
and (b) postsecondary instructional practices. The resulting surveys, SCII and 
PIPS, are reliable, interdisciplinary, and can collect data quickly from a large 
number of participants. In this paper, we share these research tools, explain our 
development and data collection processes, highlight preliminary results, and 
provide suggestions for use of the instruments. 
researCh sTudy 
As part of a larger project on postsecondary instructional change, we have 
developed two instruments to elicit climate and instructional practices in 
higher education settings. In this section, we describe background literature, 
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conceptual frameworks, item development, scales, and validation of our sur-
veys. We follow with a discussion of preliminary results and implications. The 
results we present in this chapter represent our thinking as of the 21st Century 
Transforming Institutions conference in October 2014. We encourage interested 
individuals to contact our research team for the most relevant publications as-
sociated with this project. 
research Tool 1—survey of Climate for  
Instructional Improvement (sCII) 
Background
Climate can be described as either an individual (psychological) construct or as 
a property of an organization (Kozlowski & Klein, 2000) when individual per-
ceptions are aggregated to the group level and consensus can be demonstrated 
(Dansereau & Alluto, 1990; James, Demaree & Wolf, 1993; James & Jones, 1974; 
Kozlowski & Hults, 1987). Since our research project focused on the influence 
of climate on postsecondary instructional practices, we chose to explore the in-
stitutional environment through the lens of organizational climate. This choice 
limits potentially idiosyncratic data and explores different questions than the 
work relating teaching practices and self-efficacy (e.g., Tschannen-Moran & 
Johnson, 2011).
Organizational climate is defined as the shared perceptions of organization 
members about elements of the organization. These elements influence individ-
ual attitudes and behaviors and include patterns of relationships, atmosphere, 
and organizational structures (Peterson & Spencer, 1990; Schneider, 1975, 
Schneider & Reichers, 1983; Schneider et al., 2013). Climate can operate on 
many different organizational levels (Kozlowski & Klein, 2000) and therefore 
is most useful when focused on a specific outcome—i.e., climate for something 
(Schneider, 1975). In our case, we were interested in climate for instructional 
improvement, which we define as the action or process of making changes in 
teaching with the goal of achieving the best possible learning outcomes. This 
change-making process includes the introduction or continued use of evidence-
based instructional strategies, technologies, and/or curriculum. 
Conceptual framework
We first examined the literature for theoretical and conceptual frameworks 
from which to develop the climate survey. The framework of faculty work ele-
ments identified by Gappa, Austin, and Trice (2007) was eventually chosen for 
its alignment with the aspects of climate that we were interested in. This frame-
work consists of three aspects of faculty work experience (academic freedom 
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and autonomy, collegiality, professional growth) and three characteristics of ac-
ademic organizations (resources, rewards, leadership). An important strength 
of this framework for our purposes was that it aligned with related literature 
on workplace “climate for change” (Bouckenooghe, Devos, & Van den Broeck, 
2009), the nature of academic work and workplaces (Massy, Wilger, & Colbeck, 
1994), departmental teaching climate (Beach, 2002; Knorek, 2012), and leader-
ship for teaching (Ramsden, Prosser, Trigwell, & Martin, 2007).
We identified seven components of climate for instructional improvement 
that could potentially be measured through survey by combining the Gappa 
et al. framework with related literature (Table 1). These seven components 
include: resources (Beach, 2002; Gappa et al., 2007, Knorek, 2012), rewards 
(Beach, 2002; Gappa et al., 2007; Knorek, 2012), professional development 
(Beach, 2002; Gappa et al., 2007), leadership (Beach, 2002; Bouckenooghe et al., 
2009; Gappa et al., 2007; Ramsden et al., 2007), collegiality (Beach, 2002; Gappa 
et al., 2007; Massy et al., 1994), academic freedom and autonomy (Gappa et al., 
2007), and general attitudes about students and teaching (Beach, 2002; Rams-
den et al., 2007). 
Item development
Items for the SCII were developed based on existing surveys when possible 
(Bouckenooghe et al., 2009; Hurtado, Eagan, Pryor, Whang, & Tran, 2011; 
Knorek, 2012; Ramsden et al., 2007) and self-generated when necessary. We 
sought to refer to group, rather than individual, perceptions as items were gen-
erated and revised, so that organization-level perceptions were properly repre-
sented (Glick, 1985). This approach involved changing the referent of existing 
items from the individual to the organizational level (e.g., “the instructors in 
my department think” rather than “I think”). We also revised existing items 
to refer to “instructors” instead of “faculty” and changed terms like “tenure” to 
“continued employment” since full-time, part-time, graduate student instruc-
tors were surveyed.
Scale 
We purposefully chose a six-point Likert style scale for SCII that uses the fol-
lowing response options: strongly agree, agree, somewhat agree, somewhat 
disagree, disagree and strongly disagree. Six-point agree-disagree scales are 
considered preferable to 4-point scales, as they generate better variance (Bass, 
Cascio, & O’Connor, 1974). There is no neutral point on the scale, as forcing 
agreement or disagreement avoids an increase in participants claiming “no 
opinion” when they actually have one (Bishop, 1987; Johns, 2005).
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Table 1. operational definitions and sources of organizational Climate Components 
used to develop Items on the sCII.
Component definition Concept source definition source
rewards recognition of teaching excellence 





resources Tools necessary for instructional 
improvement, including funding, 
office space, equipment, and 
support services.
Gappa et al., 2007
Beach, 2002




opportunities that enable 
instructors to broaden their 
knowledge, abilities, and skills 
to address challenges, concerns, 
and needs, and to find deeper 
satisfaction in their work.
Gappa et al., 2007
Beach, 2002
knorek, 2012
Gappa et al., 2007, 
p. 280
Collegiality opportunities for instructors to 
feel they belong to a mutually 
respectful community of 
colleagues who value their 
contributions, and to feel concern 
for their colleagues’ well-being.
Massy et al., 1994
Gappa et al., 2007
Bouckenooghe et 
al., 2009




right of all instructors to teach 
without undue institutional 
interference, including freedom in 
course content and instructional 
practices. 
Gappa et al., 2007 Gappa et al., 
2007, p. 140–141 
(modified)
Leadership Policies, actions, or expectations 
established by the formal leader of 
the department that communicate 









Shared perceptions of the 
individuals in a department 
regarding student characteristics 
and instructional practices that 
may influence improvements in 
teaching.
Beach, 2002
ramsden et al., 
2007
hurtado et al., 
2011
Self-generated
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research Tool 2—Postsecondary Instructional Practices survey (PIPs)
Background
There are multiple ways to measure the teaching practices of postsecondary 
instructors, including self-report surveys and observational protocols. We see 
surveys as a preferable method, since observational protocols (e.g., RTOP, Pi-
burn, Sawada, Falconer, Turley, Benford, & Bloom, 2000; TDOP, Hora, Oleson, 
& Ferrare, 2012) require training and expertise, are expensive and difficult to 
implement at scale, and risk reliability issues. 
Although 10 surveys of instructional practices were summarized in a recent 
AAAS report (AAAS, 2013), none were designed to elicit teaching practices 
(and only teaching practices) from an interdisciplinary group of postsecondary 
instructors. Most existing instruments are designed for use in a particular dis-
cipline: physics and engineering (Borrego, Cutler, Prince, Henderson, & Froyd, 
2013; Brawner, Felder, Allen, & Brent, 2002; Dancy & Henderson, 2010), chem-
istry and biology (Marbach-Ad Schaefer-Zimmer, Orgler, Benson, & Thomp-
son, 2012), geosciences (MacDonald, Manduca, Mogk, & Tewksbury, 2005), 
or statistics (Zieffler, Park, Garfield, delMas, & Bjornsdottir, 2012). Other in-
struments elicit teaching beliefs or goals for student learning, and not actual 
teaching practice (e.g., ATI; Trigwell & Prosser, 2004). The remaining surveys 
are interdisciplinary and elicit teaching practices, but elicit a very wide range of 
faculty practices beyond teaching. These include the FSSE (Center for Postsec-
ondary Research, 2012), HERI (Hurtado, Eagan, Pryor, Whang, & Tran, 2011), 
and NSOPF (National Center for Educational Statistics, 2004). Two of these are 
only available on a proprietary basis (NSOPF, HERI). 
Seeking an interdisciplinary, non-proprietary, and succinct survey of post-
secondary instructional practices, we designed a new instrument. The result-
ing survey, PIPS, is designed to be easy-to-use, non-evaluative, and collect data 
quickly from a large number of participants.
Conceptual framework
In absence of an appropriate instrument, we turned to the empirical and theoret-
ical literature about evidence-based teaching practices. There is no conceptual 
model of instructional practice despite excellent literature reviews describing 
research on instructional practices (e.g., Pascarella & Terenzini, 1991; 2005). 
Without a model from which to develop instructional practice items, we shaped 
the dimensions of our instrument by finding themes among (a) developed 
instruments, (b) teaching observation protocols and (c) patterns in research 
on instructional practice. We compiled 153 items by combining all available 
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questions and literature patterns from two published instruments (FSSE, ATI), 
two observational protocols (RTOP, TDOP), and comprehensive literature re-
views (Iverson, 2011; Meltzer & Thornton, 2012; Pascarella & Terenzini, 1991; 
2005).
From an initial set of 153 questions, we reduced the number of questions by 
removing redundant items, items that did not refer to actual teaching practices 
(i.e., items that elicited beliefs about teaching or intent to teach in a given man-
ner), and lists of generalized practices (e.g., “lecture”, “lecture with demonstra-
tion”, “multiple choice tests”). The final set of 24 items was categorized into four 
components (Table 2), revised for clarity and to reduce the potential of eliciting 
socially acceptable responses.
Intended context
PIPS items are designed for respondents to describe teaching the largest enroll-
ment, lowest level course they have taught in the last two years. We believe this 
setting is one of the most challenging in which to use evidence-based instruc-
tional strategies in comparison to smaller enrollment, higher level courses. This 
setting is also of most concern to researchers and others involved with instruc-
tional change (AAAS, 2013).
Table 2. operational definitions and sources of Instructional Practice Concepts used 
to develop Items on the PIPs
Component definition definition source
Instructor-student 
interactions
Practices that influence the classroom relationship 
between the instructor and students (e.g., the role of 




Practices that influence how students interact 
with course concepts (e.g., reflection activities, 




Practices that influence the classroom interactions 
among students. These approaches include 
classroom discourse, small group work, and other 
collaborative approaches.
Self-generated
Assessment Practices that provide feedback to students and 
the instructor on what, how much, and how well 
students are learning (Angelo & Cross, 1993). 
Assessment practices include what is assessed, how 
often students are assessed, how instructors use 
assessment data, and grading.
Angelo and 
Cross, 1993, p. 4 
(modified)
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Scale
PIPS uses a 5-point Likert style scale as recommended by Bass, Cascio, & 
O’Conner (1974), with options including: not at all descriptive, minimally de-
scriptive, somewhat descriptive, mostly descriptive and very descriptive of my 
teaching. There is no neutral point on the scale in order to generate more vari-
ability in the data (Bishop, 1987; Johns, 2005).
Field testing
Face validity
An instrument has face validity if, from the perspective of participants, it ap-
pears to have relevance and measures its intended subject. This requires devel-
opers to use clear and concise language, avoid jargon, and write items to the 
education and reading level of the participants (DeLamater, Miles, & Collett, 
2014). We pilot tested the PIPS and SCII in their entirety with a representative 
sample of instructors in order to achieve face validity with an interdisciplinary 
group of instructors. We refined items based on the feedback of these individu-
als prior to implementing the instruments at scale. The reader can note some of 
our wording changes in our previous sections on Item Development as relevant 
to the SCII and PIPS.
Content validity 
Content validity requires surveys to properly represent aspects of the subject of 
interest (e.g,. teaching practices). A panel of subject matter experts was used to 
access the content validity of both SCII and PIPS (as recommended by Anastasi 
& Urbina, 1997). As with the pilot testing with postsecondary instructors, this 
process allowed for items to be evaluated for clarity and revised. New items 
were added, several were removed, and the structure and operational definition 
of each component was further developed.
Construct validity 
This refers to the degree an instrument is consistent with theory (Coons, Rao, 
Keininger, & Hays, 2000); this is often achieved through confirmatory and/or 
exploratory factor analyses (Thompson & Daniel, 1996). We completed an iter-
ative process of confirmatory and exploratory factor analyses to refine the con-
structs (see Analyses). The constructs presented in this chapter represent our 
thinking as of the 21st Century Transforming Institutions conference in October 
2014. As such, the constructs herein should be seen as tentative, as we are in the 
process of publishing on the psychometric development of each instrument. 
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Implementation and analysis 
We collected pilot data from 889 postsecondary instructors at four institutions 
in the United States (Table 3). Two of these institutions (A and B) completed 
both PIPS and SCII, and the other institutions completed only PIPS (C and D). 
Analysis followed Floyd and Widaman’s (1995) recommendations for in-
strument development and refinement. We first ran exploratory factor analyses 
(EFA) using maximum-likelihood extraction with Promax rotation to identify 
dimensions of climate and teaching practice. We made note of items that con-
sistently loaded together across institutions, since instructional practices and 
climate had the potential to manifest differently at different institutions.
We subsequently ran confirmatory factor analyses (CFA) using SPSS AMOS 
22.0 to create structural equation models based on our a priori categorization of 
the items and the results of the exploratory factor analyses. We refined the mod-
els based on item modification indexes and regression loadings produced by 
AMOS to reach an acceptable chi-squared/df value below 5.0, a CFI near 0.90, 
and RMSEA below 0.10 (Byrne, 2013). Using the SCII and PIPS constructs that 
emerged from the modeling process, we created individual construct scores by 
adding the sum of the items in each construct. Construct scores were generated 
only if a participant completed all of the items contributing to the construct. We 
Table 3. demographic and sample size Information for the surveyed Institutions
Institution a Institution b Institution C Institution d
n 214 164 87 424
Departments 
Surveyed
13 9 10 40
Data Sources PIPS; SCII PIPS; SCII PIPS PIPS
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lastly ran statistical comparisons among mean construct scores for each institu-
tion and among departments within an institution. 
resulTs
This section includes instrument reliability scores, a list of the constructs for 
each instrument, and select differences in institutional and department con-
struct means. We do not include all findings to meet length requirements. In 
addition, we remind the reader that the constructs presented in this chapter are 
representative of our thinking in October 2014, and may not represent the cur-
rent and finalized constructs for each instrument.
reliability and Construct structure
In this chapter we present the October 2014 versions of the instruments as pre-
sented at the 21st Century Transforming Institutions conference. These may 
not represent the final published version of these instruments. In the October 
2014 versions, the SCII had 26 items within six constructs and PIPS had 20 
items within five constructs. Both instruments had high internal reliability (a > 
0.8) and could not be improved with removal of additional items (Table 4). 
Climate for Instructional Improvement Means  
by Institution and department
Climate for instruction improvement as elicited by SCII factored into six dis-
tinct constructs in our EFA and CFA analyses. In the order of their contribu-
tion to overall variance (Table 5), the constructs include leadership (six items), 
collegiality (six items), resources (three items), professional development (PD, 
three items), autonomy (three items), and respect (five items) (see Appendix).
Climate construct means significantly differed between Institutions A and 
B for each construct (p < .0001), with the exception of professional develop-
ment (p = 0.944, Table 5). Climate means also significantly differed among 
departments within each institution. However, these differences were rarely 
significant in post-hoc comparisons. One notable exception is the significant 
difference in the mean leadership scores between the Mathematics Department 
and Industrial and Manufacturing Engineering Department at Institution A 
(Figure 1). 
Significant differences in climate means by institution are detailed in Table 
5. We also present a graph of departmental means for one of the constructs that 
shows instructional clusters of department means (Figure 1). In this case, we 
chose a plot of the leadership construct as it contributed most to overall vari-
ance (44.51% for this sample).
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Instructional Practices by Institution and department
Instructional practices factored into five distinct constructs by our EFA and 
CFA analyses. In the order of their contribution to overall variance (Table 6), 
the constructs include: instructor-student interactions (four items), student-
student interactions (four items), student-content interactions, formative as-
sessment (four items), and summative assessment (four items). PIPS items 
organized by construct are provided in the Appendix.
The instructional practice construct means significantly differed among 
Institutions A, B, C and D for each construct (p < .01, Table 6). Instructional 
practice means also significantly differed among departments within each insti-
tution. However, these differences were rarely significant in post-hoc compari-
sons. One notable exception is a significant difference in the mean leadership 
scores between the Mathematics Department and Industrial and Manufactur-
ing Engineering Department at Institution A (Figure 1). 
Table 4. reliability statistics for the october 2014 versions of the survey of Climate 
Instructional Improvement (sCII) survey and the Postsecondary Instructional Practices 
survey (PIPs) 




number of Items 26 20
Constructs 6 5
n 300 661
reliability (a) 0.943 0.812
Table 5. Mean Climate Construct scores by Construct and Institution, as Measured by 
the survey of Climate for Instructional Improvement (sCII). 
respect autonomy Pd resources Collegiality leadership
# Items 5 3 3 3 6 6
Institution A
M (SD)
2.69 (1.01) 2.75 (0.87) 3.74 (1.06) 3.08 (1.01) 2.97 (0.92) 2.65 (0.99)
Institution B
M (SD)
4.25 (0.91) 4.14 (0.67) 3.75 (0.94) 4.19 (0.98) 4.03 (0.95) 4.05 (0.97)
t-test p-value **** **** 0.944 **** **** ****
Scale. 1 = strongly disagree; 2 = disagree; 3 = somewhat disagree; 4 = somewhat agree; 5 = agree; 
6 = strongly agree.
Note. **** = p < .0001
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Signifi cant diff erences in climate means by institution are detailed in Table 
5. We also present a fi gure that displays institutional clusters for mean depart-
ment teaching practice scores (Figure 2). As with the climate constructs by de-
partment, we chose to create the fi gure for the construct that contributed most 
to overall variance (student-student interactions, 22.83% for this sample).
lessons learned and TransferabIlITy
Understanding and measuring diff erences in climate and teaching practices in 
higher education settings enables users to identify levers for improving teach-
ing, thereby better planning future change initiatives. Our research documents 
support for instruments that can diff erentiate among elements of climate and 
instructional practices of postsecondary instructors. Th e instruments are reli-
able, easy-to-use, and can quickly collect data from a large number of partici-
pants. Furthermore, the instruments are designed modularly so that they can 
be used together or separately to understand the current situation and/or docu-
ment changes over time through repeated measurements. 
fIgure 1. Mean leadership construct scores by department and institution as collected 
by the survey of Climate for Instructional Improvement (sCII). departments are listed 
in order of lowest to highest mean leadership score. scale. 1 = strongly disagree; 
2 = disagree; 3 = somewhat disagree; 4 = somewhat agree; 5 = agree; 6 = strongly agree. 
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4 4 4 4 4 # Items
 2.23 (0.83)d  2.48 (0.91)f 1.67 (1.10)  2.36 (0.76)e 2.72 (0.98)e Institution A M 
(SD)
 2.09 (0.83)d  2.70 (0.70)b  1.61 (1.14)  2.55 (0.70)e 2.97 (0.73)b Institution B M 
(SD)
 1.62 (1.15)a  2.17 (1.17)c  1.26 (1.29) 2.21 (0.97)  2.45 (0.92) Institution C M 
(SD)
 2.77 (0.72)a  2.85 (0.67)b  2.55 (0.98)a  2.09 (0.85)c 2.25 (0.82)c Institution D M 
(SD)
Scale. 0 = not at all like my teaching; 1 = minimally descriptive of my teaching, 2 = somewhat descriptive of 
my teaching, 3 = mostly descriptive my teaching, 4 = very descriptive of my teaching.
Note. a Signifi cantly diff erent than the other three institutions (p < .05), b Signifi cantly higher (p < .05) than 
the two lowest scoring institutions, c Signifi cantly lower (p < .05) than the two highest scoring institutions, 
d Signifi cantly diff erent (p < .05) than the lowest and highest scoring institution, e Signifi cantly higher (p < .05) 
than the lowest scoring institution, f Signifi cantly lower (p < .05) than the highest scoring institution.
fIgure 2. Mean instructor-student interaction scores by department and institution as 
collected by the Postsecondary Instructional Practices survey (PIPs).
Scale. 0 = not at all like my teaching; 1 = minimally descriptive of my teaching, 2 = somewhat descriptive of 
my teaching, 3 = mostly descriptive my teaching, 4 = very descriptive of my teaching.
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unique features of our Instruments
Although at least 10 surveys of instructional practices (AAAS, 2013) are avail-
able, none are designed to elicit teaching practices (and only teaching practices) 
for an interdisciplinary group of postsecondary instructors. The survey is also 
non-evaluative, designed for respondents to score practices as descriptive of 
their teaching without judging the quality of these practices. Furthermore, PIPS 
is concise, non-proprietary, and designed with clear and consistent item scales.
The SCII is unlike any other instrument available. Although other instru-
ments elicit different elements of climate including organizational climate for 
change (Bouckenoghe et al., 2009) and faculty teaching climate (particularly 
rewards and resources; Knorek, 2012), SCII is built in alignment with the essen-
tial elements of faculty work described by Gappa et al. (2007). Our results not 
only provide empirical support for the factors described by Gappa et al. (2007), 
but it also elicits constructs that could serve as levers for change in planned 
initiatives.
Identifying differences with sCII and PIPs
Although not presented in detail in this paper, our findings align with those 
identified by other instruments. Practices in the instructor-student interaction 
construct were more descriptive of male instructors than female instructors. 
This construct includes practices such as “students sitting and taking notes” and 
“teaching with the assumption that students have little incoming knowledge.” 
Henderson, Dancy, and Niewiadomska-Bugaj (2012) and Kuh, Laird, and Um-
bach, (2004) likewise found women using fewer instructional practices of this 
nature.
We also found rank-based differences in teaching practices and in percep-
tions of department climate similar to those in the literature. For example, part-
time instructors reported less flexibility in their teaching methods and fewer 
teaching resources than their tenure-track counterparts (e.g. Gappa & Leslie, 
1993). Graduate students were also less likely to claim assessment practices 
(both formative and summative) were descriptive of their teaching, perhaps 
due to a lack of autonomy to develop these assessment practices.
Unique to our study are institutional clusters in teaching practices and or-
ganizational climate for instructional improvement (e.g. Figure 1). These clus-
ters may indicate that some elements are more normative at the institution level 
than the department level, with the exception of certain disciplines. Institution 
A, which is less research intensive than Institutions B and C by Carnegie clas-
sification, reported using more instructor-student interactions. We also found a 
significant negative correlation (p<0.01) between traditional teaching practices 
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and evidence-based teaching practices, which supports the logical argument 
that use of one relates to less use of the other.
future work
One of our next steps will be to complete hierarchical linear models to un-
derstand the sources of variance within the data. This will identify contribu-
tions to variance at levels higher than the individual, including department and 
institution-level variance.
We will also be triangulating the results of our instructional practices sur-
vey with teaching observation data (collected using the TDOP) and interviews 
with instructors. These observations will provide additional support for our 
constructs and help gain further insight into their organizational climate and 
undergraduate instructional practices.
access to the instruments
The instruments are available in their full pilot versions and with items organized 
into constructs from our website: http://homepages.wmich.edu/~chenders/
Publications/. We request that if you plan to use the instruments, please use 
them in their entirety and please share the data with our research team for fur-
ther refinement of the instruments.
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The Roles of Data in Promoting Institutional 
Commitment to Undergraduate STEM Reform:  
The AAU STEM Initiative Experience
James Fairweather, Josh Trapani and Karen Paulson
One barrier to improving post-secondary teaching and learning in undergradu-
ate STEM, indeed in all disciplines, is the conflicting views about relevant types 
and uses of data in reform efforts. Most of the literature on STEM teaching 
and learning focuses on individual faculty members and the performance of 
their students in the classroom (National Research Council [NRC], 2012). This 
micro-level focus is consistent with the findings of Seymour and Hewitt (Sey-
mour & Hewitt, 1997) who found that student experiences in the classroom 
had large (and often adverse) effects on retention in the major. The intent of 
this micro-level focus is to redress the shortcomings of traditional instructor-
centered instruction and to promote active student engagement in their learn-
ing. This approach has the advantage of fine-tuning strategies to meet specific 
instructional goals and settings using widely available data about effective evi-
dence-based instruction (NRC, 2012). Yet this approach fails to address wider 
aspects of the reform process, which must take into account the departmental 
and institutional environments, as well as those of the academic disciplines. 
Moreover, reforms that rely on idiosyncratic strategies, while appealing to the 
individual teacher, may not easily lead to aggregate measures of program or 
departmental effectiveness.
In contrast, decision-makers at the federal, state, foundation, and institu-
tional levels (and at the college and departmental levels, for that matter) often 
ask questions about overall effectiveness of instructional programs and strate-
gies such as: Did the program work? Was it worth the cost? How does it compare 
with other programs? Here, the focus is on ways to seek common information 
across disparate units (departments, colleges, institutions) to make summative 
judgments about effects, often for decisions about resource allocation. Because 
the more idiosyncratic micro-level classroom information meant to improve 
instruction does not easily aggregate into measures of overall effectiveness, 
decision-makers often are left with cross-department and cross-institution 
measures that can oversimplify the context and effects of the reforms. Even 
seemingly straightforward calculations such as “retention in the major” are 
430 METrICS AnD ASSESSMEnT
made complex when institutions have distinct definitions of the major in ques-
tion, when student formal selection of major can vary both within and across 
institutions, and when the answer varies depending on how many years of stu-
dent progress is monitored. Structural differences in how institutions organize 
their academic disciplines also can make causal inferences about institutional 
actions invalid. For example, for phenomena likely affected by administrative 
actions at the college level, it is difficult to compare cross-institutional effects 
when some institutions place all humanities, social sciences, and natural sci-
ences into a single college and others organize them into three distinct colleges. 
Common measures have the advantage of a seemingly uniform metric; that ap-
parent advantage can dissipate if complex phenomena are forced into generic, 
often ill-fitting categories. 
In the AAU Initiative, we have attempted to develop and work with both 
types of data. We are interested in helping the eight project sites (and indeed, 
all AAU institutions) improve their teaching and learning by adopting evi-
dence-based best practices. We are, however, also interested in finding out what 
worked and what might be transferred successfully to other institutions. For 
the overall AAU Initiative to work, we had to find ways to defuse the potential 
conflict between locally useful classroom-level information and broader mea-
sures of program effects (sometimes this conflict happened within a single in-
stitution!). In this paper, we discuss a parallel data collection strategy using two 
sources of information. The first source is qualitative information collected on 
visits to the eight AAU project sites, including examples of how student perfor-
mance data have been used as evidence in departmental adoption of curricular 
reforms. The second source, quantitative in nature, is a cross-site instrument on 
faculty teaching practices and attitudes. The survey was sent to all AAU institu-
tions. Responses were received from faculty members from both project and 
non-project AAU institutions. The non-project institutions represented a wide 
variety in their current involvement in STEM reforms. Throughout, we focused 
on AAU’s obligation to determine the overall effectiveness of the project while 
allowing for local variation in project activities, cultures, and structures. 
sITe-sPeCIfIC qualITaTIve daTa
AAU carried out visits to each project site during the first year of implemen-
tation. These visits were meant to identify challenges and possible solutions 
to implementing project activities. Table 1 shows the questions asked of key 
individuals, including project leaders, department chairs and deans, and pro-
vosts. The latter groups are considered keys to future dissemination and institu-
tionalization efforts. These implementation data helped project sites and AAU 
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identify a baseline for pre-/post- comparisons of project initiatives. Site visits 
also started the process of building trust between AAU and project sites—es-
pecially that AAU staff were on site to better understand the local institutional 
environment, rather than to evaluate project work—and beginning cross-insti-
tution collaboration. 
The site visits made apparent the need for more than aggregate cross-insti-
tution data in assessing overall project effects. The substantial historical, cul-
tural, and structural differences between institutions and the wide variety of 
project objectives made it clear to AAU staff that part of the assessment of over-
all effectiveness must rely on a meta-analysis of locally relevant information. 
Accordingly, AAU and local project leaders agreed that annual project reports 
would address evaluation of implementation and effects including both com-
mon cross-institution data (discussed in the next section) and idiosyncratic 
data relevant for local use. Such local data would include student-level analyses 
where relevant. AAU staff then would carry out a meta-analysis of the reports 
to determine effect sizes for some of the more complex measures of cultural 
change, e.g., changes in promotion and tenure criteria. 
The site visits also revealed an important and unanticipated use of data in 
local decision-making. Most literature on STEM teaching and learning assumes 
that the evidence of effectiveness is best directed to the teacher (or teaching as-
sistant) who then can use the information to improve instructional outcomes. 
Although we found this assumption to have merit, we also identified an im-
portant political element in curricular decisions. As one example, we found 
that data about the performance of students in subsequent courses convinced 
the departmental faculty as a whole to approve a reformed sequence in chem-
istry. The focus was not on within-class improvement but on how well the stu-
dents performed later in the curriculum. These data are crucial to studies of 
institutionalization and are also likely to be idiosyncratic to each institution (or 
department). 
Table 1. site visit Protocol
InTervIew ProToCol for ProjeCT TeaM leadershIP
We wish to understand the project at a deeper level, help situate and align local activities with 
the national initiative, demonstrate AAU’s support, and address questions.
•	What is the plan for implementation? 
•	What is the current progress toward implementing the project?
•	With the launch, have they confronted unanticipated challenges or opportunities? have 
changes occurred to the plan/scope of work? Why? how are they adapting?
•	What activities, types of support, and the like are the institution, college, and department 
providing to help the project succeed?
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Table 1. site visit Protocol (continued)
InTervIew ProToCol for relevanT deParTMenT ChaIrs and deans
•	 Please tell us about yourself and about your role and responsibilities in the AAU STEM 
Initiative. Looking to understand: 
 ◦ What is your personal belief about the importance of reforms in undergraduate STEM 
educational reform?
 ◦ What is your buy-in/commitment to their campus project? 
•	how do you perceive faculty attitudes toward using evidence-based instructional practices?
•	has the AAU STEM Initiative provided a new forum for conversations about teaching and 
learning?
•	What is your sense of broad-based faculty support within the departments for the project?
•	Can you tell us about any changes in the department’s program and in how courses are 
taught? 
•	What kind of data does the department have/gather about the teaching practice of 
individual faculty members? how does that relate to promotion/tenure?
•	What is the status of teaching and learning infrastructure (e.g., facilities, technology) in terms 
of facilitating the use of evidence-based teaching practices?
InTervIew ProToCol for ProvosTs
•	What is the current campus climate for change in undergraduate STEM teaching and 
learning? 
•	Considering departments are the locus for change in the AAU Initiative, what are institutional 
efforts to support changes to teaching within the STEM departments?
Cross-InsTITuTIon quanTITaTIve daTa
At the federal level, where AAU does most of its work as a higher education 
association, there is a strong push for institutions to provide data in a stan-
dardized, comparable format for both enhanced accountability and consumer 
information purposes. A similar push for standardized data reporting exists 
in many states. AAU, in its discussions with funders, policymakers, and oth-
ers, needs to report on the progress made by the Undergraduate STEM Ini-
tiative across multiple institutions. This is a challenge, in part, because of the 
considerable variation among AAU members in their enactment of making 
systemic improvement to undergraduate STEM teaching and learning. AAU’s 
62 member universities represent different points on a continuum in enacting 
systemic change in undergraduate STEM teaching and learning. AAU members 
also vary in size (enrollment, number of faculty members), geographic region, 
institutional control (public/private), and student demographics, among other 
factors. AAU’s eight project sites were deliberately chosen to represent this di-
versity. Additionally, the project sites are focusing on a variety of pedagogical 
issues across a range of disciplines. 
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AAU’s objective was to collect a set of baseline data from institutions and 
then measure progress over time through subsequent collections. We required 
data reporting from project sites. We also encouraged all AAU universities to 
participate. Our hope is that these data will fulfill the needs of the association, 
while also providing value-added to individual institutions. We wish to collect 
information that accounts for differences without “punishing” institutions that 
are not as far along, providing disincentives to improvement, or forcing institu-
tions into one-size-fits-all actions. To the extent possible, our intention in de-
veloping measures was to use existing reliable and valid instruments to collect 
information. Finally, within the constraints of these objectives, we wanted to 
minimize the reporting burden.
To begin developing baseline measures, AAU convened a working group of 
experts on metrics and evaluation in July, 2013. The group included adminis-
trators, institutional researchers, and faculty scholars, including some not affili-
ated with AAU campuses. Many of the eight project sites were represented in 
this group. We sought guidance on what to collect and how to collect it, as well 
as more knowledge about existing instruments and data collection efforts, and 
other issues such as dealing with Institutional Review Boards (IRBs).
Following this meeting, AAU project staff developed a set of research ques-
tions, mapped to the levels of the AAU Framework for Systemic Change in 
Undergraduate STEM Teaching and Learning (AAU, 2015) and matched—
to the extent possible—with existing instruments (see Table 2). The working 
group helped hone the questions and identify potentially useful instruments, 
and provided advice on the feasibility of collecting certain kinds of informa-
tion. Through conversations with the working group and others, we were able 
to define the kinds of common information it made sense for us to collect. For 
example, data on student learning outcomes are important for sites to judge the 
effectiveness of instructional reforms, but given the wide range of activities and 
types of students involved in the project, sites are not easily aggregated across 
institutions. Our solution was to leave the collection of student learning out-
comes to each institution using a form that made sense in the context of their 
own objectives.
We proposed collecting information on the faculty status and rank of STEM 
course instructors in departments participating in the initiative, linked to spe-
cific courses and enrollment by year. We also decided to collect information on 
physical infrastructure (using a portion of the PULSE Vision & Change Rubric) 
(Taking the Pulse, 2013) and to ask for written descriptions of the role of teach-
ing in promotion and tenure by project leads and department chairs. By far, 
the most challenging topics were instructor practices and attitudes. Answering 
many of the research questions required an understanding of what instructors 
were doing in the classroom, as well as their opinions about active learning, 
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about the availability and use of professional development activities, and how 
they felt administrators valued teaching. Although several instructor survey 
instruments were available (e.g., Bay View Alliance, BVA, 2015a; National Sur-
vey of Postsecondary Faculty) or were under development, no tool that encom-
passed both attitudes and practices, to our knowledge, had been widely used. 
AAU project staff assembled an instrument from existing tools, drawing espe-
cially from the BVA (2015b) (see Table 3 for an example of items in the faculty 
survey).
Table 2. aau research questions used as guidelines for selecting baseline data 
Pedagogy—Pedagogy refers to the method and practice of teaching. Much, but certainly not all, 
of pedagogy occurs in the classroom, and the main actors in changing pedagogical practices are 
faculty and students.
•	What type of instructional staff and faculty teach STEM courses, and at which level (under or 
upper division of undergraduates)? how large are those courses?
•	What instructional practices are the faculty members who teach STEM courses using in the 
classroom? And how many students are exposed to these practices?
•	What are faculty attitudes toward using evidence-based instructional practices?
Scaffolding—The notion of scaffolding refers to the supports, including a sense of community, 
necessary to first incubate and then sustain evidence-based teaching.
•	What opportunities for professional development related to instruction are open to faculty, 
and to what extent are they taking advantage of these opportunities?
•	What departmental and campus resources exist to support faculty in efforts to improve their 
instruction, and to what extent are faculty utilizing these resources?
•	What are administrators’ (department chairs, deans, senior administrators) attitudes towards 
use of evidence-based instructional practices and the importance of teaching?
Cultural Change—Sustainable change requires cultural change, and faculty members live in at 
least two cultures: an institutional culture and a disciplinary culture.
•	What role does teaching play in promotion and tenure decisions in the relevant departments 
or schools at the university? 
•	What is the status of teaching and learning infrastructure (e.g., facilities, technology) in terms 
of facilitating the use of evidence-based teaching practices?
Student Outcomes—While not a section of the framework, we are interested in the effects of 
projects on student outcomes like learning, progress, and retention. While changes in student 
outcomes can be attributed to multiple factors, it is important to consider, to the extent possible, the 
role of faculty teaching practices. AAU considers these data specific to individual project sites and 
important to local evaluation of the reform efforts. 
•	how are students doing in STEM courses in terms of progression/retention/completion? 
•	how are students doing in STEM courses in terms of learning?
•	What are student attitudes toward the use of evidence-based instructional practices?
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There was considerable concern from the project sites about administering 
an instructor survey. Some arguments focused on burden: It would be costly in 
time and effort to obtain IRB approval and administer the survey, and instruc-
tors—especially faculty members—were already subject to “survey fatigue” and 
not likely to respond. Other arguments focused on methodology: Instructor 
self-reports of classroom behaviors were less reliable than collecting such in-
formation through direct observation or video, and existing survey devices had 
not been sufficiently validated. Many individual issues were raised with particu-
lar survey questions. Institutions seemed not to agree that such data collection 
would provide them with value-added information. The political challenge was 
to convince project sites that AAU’s role was not punitive. AAU’s goal was (and 
is) to help ensure that the initiative was given the best chance to work effec-
tively. This goal required that AAU actively monitor project progress (including 
linking sites that had similar problems and solutions) rather than taking a pas-
sive stance and leaving feedback to the end of the initiative. 
We addressed these issues in several ways. First, we responded to criti-
cisms of the survey by simplifying and completely revising the device. We dis-
cussed alternate questions with several scholars of teaching and learning. We 
also worked to align the survey questions much more closely with the AAU 
Framework. 
Table 3. aau’s Instructor survey
The survey requested information from all faculty members whose departments were 
participating in the STEM Initiative:
•	 Instructor information: Such as institution, department, rank.
•	Classroom practices: Instructors were asked to rate how descriptive various statements were 
of their own practice, such as whether they connect class activities to course learning goals, 
structure class so that students regularly talk with one another about course concepts, and 
require students to work together in small groups. 
•	attitudes towards teaching: Instructors were asked to indicate their level of agreement with 
statements like: “It is important to provide relevant, real-life examples of the concept you 
are teaching” and “Learning can be facilitated through the use of social interaction among 
students.”
•	Professional development related to teaching: Instructors were asked to rate the availability 
of, and their participation in, various types of on- and off-campus professional development 
activities.
•	 Institutional environment for teaching: Instructors were asked to indicate their level of 
agreement with statements about the attitudes of other instructors, department chairs, and 
campus administrators toward teaching, as well as their perception of how important a role 
teaching played in annual and salary reviews and promotion and tenure.
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Second, we wrote a description of how AAU planned to use the data. We 
specified that: 1) AAU would use these data to provide requested information 
to our funders, 2) AAU would use these data in aggregated form to help in-
form national conversations that we participate in, including with federal poli-
cymakers and other national associations, 3) AAU would not use these data to 
benchmark or compare institutions directly to one another (though we prom-
ised to provide each campus with a report-back of their responses compared 
to aggregate statistics for the entire sample), and 4) AAU urged institutions to 
make it clear to instructors that responses would not be used to evaluate job 
performance (the responses were sent directly to AAU thereby preserving local 
confidentiality). 
Third, we expanded conversations with the project sites, both individually 
and collectively. We held a conference call with project team leads to discuss 
concerns and make clear our objectives. For instance, we made the point that, 
while self-reported instructional behavior can be limited, other methods of ob-
servation were far too costly and not necessary for AAU’s purposes. Finally, we 
also discussed particular aspects of the survey individually with campuses that 
expressed concerns. The site visits were useful in this process in gaining local 
acceptance of survey data collection. 
These conversations helped project site teams better understand our ratio-
nale for crafting the baseline data request, and helped reduce misperceptions or 
suspicions about how the data would be used. The final data request was sent 
to project sites in February 2014. Although longer than originally anticipated, 
this process helped to develop mutual understanding with project sites and in-
creased their participation in the survey data collection. 
Early findings show that these efforts paid off. Although many project par-
ticipants were skeptical that there would be a usable response rate, we achieved 
a response rate of 37% overall across the eight project sites, which was higher 
than we expected (though lower than the 50% we hoped for). Some project 
participants also believed there would be insufficient variance in responses to 
many items; our preliminary analyses show substantial item variation. 
suMMary
In the AAU Initiative for Undergraduate STEM education, we have found a 
key to successful use of data in reforms is to identify clearly which data should 
be collected across project sites and which data are best collected locally using 
a meta-analytic approach to combine results. Project sites must feel empow-
ered to collect information relevant to their local needs while allowing for the 
possibility of sharing information across sites and forming overall assessments 
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of effects. Beyond the role of data in assessment is the importance of data in 
helping foster a collaborative network across institutions. Our conversations 
with AAU project leaders and with non-project site personnel showed us how 
back-and-forth communication about data on effectiveness can foster a larger 
collaborative network crucial to disseminating reforms beyond the project sites. 
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synthesis of Common Themes
Over the course of the two Transforming Institutions conferences in 2011 and 
2014, the challenges involved in aligning undergraduate STEM education with 
what we know about how people learn, and how to draw students in and sup-
port their success, have been explored from multiple perspectives. In this sec-
tion we examine the larger picture these perspectives provide. Seymour and her 
colleagues begin to address the difficult question of how far we have come along 
a trajectory of making proven practices the new normal, and how we can assess 
progress. They further explore resistance to change, and what factors support 
and sustain change. Slakey and Gobstein present a reflection on the contents of 
this volume, both in terms of the trends manifested and the future directions 




The Reformers’  Tale: Determining Progress in 
Improving Undergraduate STEM Education
Elaine Seymour and Catherine L. Fry
In this chapter, we pose two related questions about change in science, tech-
nology, engineering, and mathematics (STEM) education at the undergraduate 
level: (1) What do we know about the extent and nature of uptake of proven 
STEM education practices? (2) What indicators or measures of “uptake” or 
“scale-up” have been used to assess these? To address these questions, we draw 
upon published work that estimates the extent of change in STEM education, 
and discuss the indicators by which assessments of progress are reached. We 
also present responses to these questions offered in interviews with an invited 
panel of 18 expert witnesses. Interviewees included project directors, principal 
investigators, evaluators, and funding officers of multiple STEM education re-
form grants. All panel members have been highly involved in efforts to improve 
quality and access in STEM undergraduate education for between 15 and 30 
years. Some also have extensive experience as scholars of teaching and learn-
ing, STEM educators, workshop and institute organizers, and advisors to other 
STEM education reform projects.1
1. An earlier account of these discussions with 10 interviewees appeared in Seymour, E., 
DeWelde, K., and C. Fry (2011). A further eight interviews were subsequently added. Proj-
ects represented by the panel include: Center for the Advancement of Engineering Education 
(CAEE), Center for the Integration of Research, Teaching, and Learning (CIRTL), Process-
Oriented Guided Inquiry Learning (POGIL), Peer-Led Team Learning (PLTL), Science Educa-
tion for New Civic Engagements and Responsibilities (SENCER), The Reinvention Center, two 
National Learning Communities projects, multiple Cooperative Learning initiatives and work-
shop programs, Women in Science and Engineering (WISE), Recognition Awards for the Inte-
gration of Research and Education (RAIRE), the EXCEL Engineering Coalition, the Systemic 
Reform Projects in Chemistry, and Multi-Initiative National Dissemination (MID) workshops, 
Curriculum for the Bioregion, Mobilizing STEM Education for a Sustainable Future (MSE), the 
Student Assessment of their Learning Gains online instruments (SALG), doctoral programs in 
STEM education at Purdue University and the University of Michigan, the Washington Cen-
ter for Improving the Quality of Undergraduate Education, and several other university-based 
Teaching and Learning (T&L) Centers. 
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The quesTIon In ConTexT
Since the mid-1980s, researchers have pointed to problematic outcomes in un-
dergraduate STEM education in terms of declining enrollment, field-switching 
rates, and persistently low participation by women and students of color (re-
viewed in Seymour and Hewitt, 1997 and Seymour, 2002). By the late 1990s, in-
adequate teaching methods and curriculum content issues had been identified 
as major contributors to these problems. This diagnosis was acknowledged in a 
series of reports by national commissions and panels, each of which called for 
fundamental changes in STEM teaching and learning methods (e.g., National 
Science Foundation, 1996; Boyer Commission on Educating Undergraduates 
in the Research University, 1998; National Research Council, 2003a, 2003b, 
and 2007). Beginning in the early 1990s, these reports also offered to an emer-
gent community of education reformers a set of targets for the improvement of 
STEM undergraduate education. The National Science Foundation (NSF) and 
many private foundations responded by funding a variety of experimental ap-
proaches that were undertaken by groups of faculty, both in single institutions 
and multi-institutional coalitions. Over the last two decades, such initiatives 
have collectively created a body of thematic, contextual, research-grounded cur-
riculum and learning materials, an array of classroom-tested, active, interactive, 
and inquiry-based pedagogies, and learning assessment methods that explore 
students’ depth of understanding, and ability to apply, extend, and transfer their 
knowledge. This expanding body of tested and adapted methods and materials 
has been disseminated to widening circles of faculty through online resources 
and communities, journal articles and conference presentations, and work-
shops that offer hands-on exposure to learning theories, research findings, and 
their classroom applications. 
However, some follow-up studies have reported either modest or disap-
pointing progress (The Reinvention Center, 2002; National Research Council, 
2010) or have strengthened the urgency of their calls for improvement in STEM 
education (President’s Council of Advisors on Science and Technology, 2010, 
2012; National Science Board, 2010). Research articles also echo the impres-
sion of unsatisfactory progress (cf., Handelsman et al., 2004; DeHaan, 2005; 
Dancy and Henderson, 2008; Fairweather, 2008; Baldwin, 2009; Dancy & Hen-
derson, 2010). In their review of research literature between 1980 and 2008, 
Cox et al. (2010) point to slow progress in fostering learning-centered teach-
ing approaches among faculty, and posit that top-down teaching-focused poli-
cies have had “but trivial effects on faculty members’ perceptions or behaviors” 
(p. 20). 
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While this work conveys a consensus that promising teaching and learning 
innovations are not being taken up at a satisfactory level or pace, the evidentiary 
base for these claims is not always clear. We therefore surveyed the research 
literature to extract what could be said from evidence about the nature and 
extent of “uptake” or “scale-up” of research-grounded teaching materials and 
methods. The research evidence focuses either upon institutionally supported 
adoption by whole institutions, large groups within them, or cross-institution 
initiatives; or upon individual instructor uptake that may or may not be sup-
ported by their respective institutions. The concern of funders is increasingly 
to see adoption of research-based instructional strategies (RBISs) sustained by 
departments or institutions, and debate increasingly centers on how this may be 
brought about (e.g., Wieman, Perkins, & Gilbert, 2010; Anderson et al., 2011). 
A similar discourse, focused on how best to move from individual uptake to in-
stitution-based reform, was also discernable in the interviewees’ observations. 
We begin with a categorized summary of published work that offers evidence 
both of individual instructor uptake and of adoption at various institutional 
levels. 
evIdenCe of uPTake or sCale-uP of researCh-grounded 
IMProveMenTs In sTeM eduCaTIon by exTenT of 
InsTITuTIonal reaCh 
whole Institutions 
One medical school has overhauled its entire curriculum and instituted active 
learning and other research-based pedagogies throughout all classes (Elizondo-
Montemayor et al., 2008). 
within a single Institution: whole departments or Colleges
There are multiple accounts of whole departments or colleges that have changed 
their curriculum to incorporate active learning and other research-based edu-
cation innovations. These include, departments of chemistry (Ege et al., 1997; 
Coppola et al., 1997), physics (Dori and Belcher, 2005), biology (Ono et al., 
2007), and engineering (Pundak and Rozner, 2008; Merton et al., 2009). In an 
evaluation of the Rochester Institute of Technology’s Chester F. Carlson Cen-
ter for Imaging Science, Pow (2013) reports development and implementation 
(since 2010) of a freshman year curriculum of linked courses with a pedagogi-
cal framework emphasizing experiential and project-based learning and col-
laborative design projects in multidisciplinary teams. Student gains include a 
preference for active learning and active pursuit of research opportunities. 
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within single Institutions, within or across departments
Barlett and Rappaport (2009) report on the cross-departmental effects of fac-
ulty development programs at two universities that were focused on integrat-
ing environmental and sustainability content across the curriculum. In both 
institutions, course curricula were modified or developed in line with this goal, 
interdisciplinary teaching became more common, faculty networks grew as 
they worked on implementation, and the number of collaborations on grant 
proposals increased. Similarly, in a study of single course transformation in one 
university, Chasteen et al. (2010) found that innovations were planned, imple-
mented, and sustained with a high degree of fidelity over time and across in-
structors. What may be significant about these three cases is the high degree of 
agreement among faculty about the value and goals of these initiatives. 
across Institutions, sub-departmental
By 2008, the SCALE-UP (Student-Centered Active Learning for Undergradu-
ate Programs) approach had been adopted at more than 50 institutions (Beich-
ner and Saul, 2003; Beichner et al., 2007; Beichner, 2008) and was found to be 
spreading across disciplines (Oliver-Hoyo et al., 2004; Biechner et al. 2007). 
In 2014, Foote and her colleagues estimated that SCALE-UP style instruction 
had spread to over a dozen disciplines in more than 314 departments located 
in at least 189 higher education institutions in 21 countries. In the USA, 63% of 
reported departmental use of SCALE-UP methods occurred outside of physics 
(the originating discipline), with 20% of usage in non-STEM disciplines. The 
researchers assessed that, in physics, use of SCALE-UP methods may be ap-
proaching a tipping point between adoption by more adventurous early users 
and the mainstream majority. 
Another indicator of institutionally-supported change is the growth of 
learning community programs. In a meta-analysis of 110 single-institution as-
sessments, Taylor and colleagues reported in 2003 that over 1,000 institutions 
offered some form of learning community programs, many of which were of 
longstanding and were regularly offered. They are established in all types of 
institutions—research universities, engineering schools, regional public institu-
tions, liberal arts colleges, and community colleges.
discipline-based Initiatives 
Since its beginnings in the early 1990s, the STEM reform effort has largely been 
organized through its component disciplines, with initiatives in engineering, 
chemistry, physics and mathematics among its early leaders—a movement 
that deserves a history in its own right. However, some highlights that suggest 
 ThE rEForMErS’  TALE 445
forward movement include the development of “discipline-based education 
research”2 (DBER), defined as “an emerging, interdisciplinary research enter-
prise that combines the expertise of scientists and engineers with methods 
and theories that explain learning” (National Research Council, 2012, p1.). It 
is expressed as growth in the publication of articles, monographs, and books 
on educational scholarship authored by STEM education practitioners and re-
searchers; publication of articles on effective use of particular innovations; cita-
tion of these sources in the presentations and proposals of others; inclusion of 
these articles and citations in faculty portfolios and their acceptance for promo-
tion and tenure purposes. More journals now publish articles on STEM edu-
cation issues, and new (including online) journals have arisen to carry them, 
and some reform groups (e.g., the Council on Undergraduate Research) have 
developed their own journals.
Among other evidences of disciplinary engagement are development and 
use of concept inventories. These have grown, both in the number of STEM dis-
ciplines that have developed them, and in the range of institutions in which 
they are used. In 2008, Libarkin cited 23 distinct concept inventories developed 
in an array of STEM disciplines; there are now 39 in physics alone.3 Another in-
dicator of disciplinary engagement is evident in the development and growth of 
doctoral programs in STEM education, with an increasing number of doctoral 
theses focused on STEM education topics. 
awareness and uptake by Individual sTeM Instructors
Surveys of faculty across institutions report higher levels of faculty awareness of 
teaching alternatives, some increased inclination to use them, but mixed results 
for uptake. Beginning in 2007 with a survey of faculty in Louisiana, Walczyk, 
Ramsey and Zha reported that few faculty had been trained in teaching meth-
ods, but those who had were more likely to use that information to improve 
teaching, and also to consider teaching an important part of their professional 
identity. However, Dancy and Henderson’s (2010) survey data for physics fac-
ulty indicate that, despite awareness of particular well-grounded methods, and 
an apparent willingness to try them, there is a considerable gap between knowl-
edge and use. For example, 64% of their sample knew about peer instruction 
(Mazur, 1997) but only 29% were using it; 49% knew about cooperative group 
problem-solving, but only 14% used the method; 48% were aware of just-in-
time teaching but only 8% put it into practice. 
2. The salient characteristics and scope of DBER were articulated in 2012 by the National Re-
search Council Committee on the Status, Contributions, and Future Directions of Discipline-
Based Education Research Report. 
3. cf., htts://www.physport.org/assessments/ 
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Also in 2010, from their study of engineering departments, Borrego, Froyd, 
and Hall report high levels of awareness of innovations (82%), but much lower 
levels of adoption (47%). The result from two further studies of engineering 
faculty in 2013 by the same research team (Froyd et al., and Prince et al.) under-
score this point. Among electrical and computer engineering faculty, awareness 
of RBISs was very high, but their use of particular strategies varied from 10% to 
70%. Discontinuation rates (ranging from 25% to 76%) after an initial trial were 
significant in explaining lower usage rates. A sample of chemical engineering 
faculty showed levels of awareness of 12 named RBISs of over 80% for all but 
two strategies. However, awareness outpaced adoption for every strategy, often 
with large gaps between awareness and adoption, and significant rates of dis-
continuation after an initial trial period. Studies by Henderson and colleagues 
(2012) and the Gates Foundation (FTI Consulting, 2015) also point to discon-
tinuation (and also inappropriate use) of RBISs as the largest contributors to the 
“knowledge-practice gap.” 
Recently, a group of scholars have sharpened our understanding of the 
nature, as well as the extent, of change in teaching practices by the use of 
classroom observation techniques. For example, Budd and colleagues’ (2013) 
observational study of teaching practices in 66 introductory geology classes at 
different institutions, report that approximately one-third of the classes used 
traditional, lecture-based methods, another third employed student-centered 
learning practices, and the remaining one-third of classes were in transitional 
states between the two. Hora’s (2013) deployment of the Teaching Dimensions 
Observation Protocol (TDOP) provided a fine-grained analysis of classroom 
sessions, specifically, the degree to which methods that directly engage students 
in their own learning were used in conjunction with periods of lecturing. Such 
methods, Hora argues, free research and debate about classroom change from 
reliance on surveys based on self-report and on reductionist definitions of what 
“lecturing” means in practice. For his sample of 156 instructors in three large 
public research universities in four STEM fields, Hora found that 61% lectured 
without student interactions for periods of 20 minutes or less, 23% for periods 
between 21 and 40 minutes, and 16% lectured for over 40 minutes. The majority 
of instructors were, thus, not engaged in “straight lecturing” without any stu-
dent interaction; rather they used various forms of interactive activity between 
short lecture periods. 
That said, the latest Higher Education Research Institute (HERI) faculty 
survey (Hurtado et al., 2012) based on self-reported survey data from 23,824 
full-time faculty in 417 postsecondary institutions reported “extensive lectur-
ing” in 63% of courses, class discussion in 61%, cooperative learning in 47% 
and “using student inquiry to drive learning” in 37% of their courses. Hora 
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wryly observes that the 63% of the HERI faculty sample who self-reported their 
regular teaching method as “extensive lecturing” is very close to his finding of 
lecturing with pre-made PowerPoint visuals in 64% of all of the two-minute 
intervals logged via the TDOP. Two other studies of self-reported classroom 
pedagogies support the view that “lecturing”, although still widespread, now 
includes a wider array of active and interactive methods that augment straight-
forward content delivery. Henderson and Dancy (2009) found that 29% of their 
sample of 722 physics instructors used peer instruction (Mazur, 1997), 14% 
used interactive lectures, and 14% cooperative group problem-solving. Simi-
larly, in their 2013 survey of electrical engineering faculty, Prince et al. (op.cit.) 
found that 60% used a variety of active teaching methods, 35% problem-based 
learning, and 15% peer instruction. 
weIghIng The evIdenCe 
This body of published research offers a picture of uptake of different levels 
and types. The distinction between evidence of faculty awareness and uptake 
of RBISs and that of institution-based adoption is important. As we and others 
have long argued (e.g., Seymour 2002), departmental or institutional support 
make it more likely that faculty who become aware of strategies that make their 
lectures more active and interactive—and of ways to document improvements 
in their students’ learning—will both try them and persist in their use. 
The largest body of evidence catalogues the national and international suc-
cess of a well-disseminated model (SCALE-UP) across multiple disciplines. It 
also includes: examples of institutional, departmental, and cross-disciplinary 
curriculum overhaul within a framework of relevant research-grounded ped-
agogy; some success in getting usage of particular teaching methods that is 
institutionally supported; some uptake by whole departments; and examples 
of the spread of particular pedagogies at sub-department levels by individuals 
and groups of faculty. We also learn that dissemination and uptake are effec-
tively enabled by interpersonal means, including active faculty networks and 
learning communities, and that growth in these activities are, in themselves, 
indicators of a changing culture around teaching and learning. We note also 
the possibility of institution-wide transformations and cross-departmental 
collaborations in contexts where faculty coalesce around widely valued end 
goals. From 2007 to the present, researchers also document growing levels 
of faculty awareness of alternative ways to teach, and some inclination to try 
them. However, they also observe gaps between awareness and adoption of 
new teaching approaches, and difficulties in sustaining adoption beyond ini-
tial trial periods. 
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While this patchwork of clues does not indicate a strong national response 
to the call for change, it does not seem to justify the consensus expressed in 
post-millennium reports and articles that little or nothing has happened to im-
prove undergraduate STEM education. Rather, we get a sense that we do not 
have enough information to warrant such a judgment, along with signs that 
change is in the air, and, in some quarters, is happening. The picture created, 
especially by the most recent studies, is one of change that is partial, but never-
theless underway.
Why then has a dismal consensus developed that projects little or no change 
in STEM education? We posit a number of reasons for this, the first being the 
power of serial repetition of a view originating from a prestigious source to cre-
ate a shared perspective which may or may not have an independent reality. A 
second reason may be that we have restricted our gaze for indicators of change 
to published research. What is little represented in this body of work is evidence 
(particularly longitudinal evidence) from evaluations of funded change initia-
tives. One reason for this omission is that articles based on evaluation data are 
rarely accepted for publication by disciplinary journals. Rather, most evaluation 
reports are sent only to funders who neither make them publically available, 
nor synthesize results across like projects to discern patterns of change. There 
may also be other less-documented indicators of change, for example, the trend 
in disciplinary society meetings towards sessions in which educational innova-
tions are discussed. These sessions typically showcase results from the class-
room experiments of individuals and small groups, and offer workshops in the 
use of particular pedagogies. Such sessions are themselves the tip of an iceberg 
of scholarly faculty activity to describe and document their teaching and learn-
ing experiments—some in the short-run; some over time. 
IndICaTors of Change evIdenT aMong Panel MeMbers 
With the intention of making a wider sweep for indications of change in STEM 
education, we sent four questions to our 18 panel members and asked them to 
discuss their responses in an open-ended telephone interview of one hour or 
more. We discuss here the panelists’ responses to our two opening questions: 
What do we know about the extent and nature of uptake of proven STEM edu-
cation practices, and what indicators or measures of “uptake” or “scale-up” have 
been used to assess these? We discuss in the subsequent chapter, entitled, “Why 
doesn’t knowing change anything?” the panelists’ responses to the second two 
questions: What are the sources and nature of constraints upon and resistance 
to change; what leverages change and what sustains it?
The interviewer (Seymour) took shorthand notes of the interviews which 
were then transcribed. The resulting text data were coded and grouped into 
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themes, which are presented below. Some observations by panelists are offered 
as quotations throughout the following account. 
definitions 
We asked panel members to clarify their understanding of the terms “innova-
tion,” “uptake,” and “scale-up.” “Innovations” were seen as methods or materials 
that were still being tested. A variety of qualifying adjectives (e.g., “research-
grounded,” “scientific,” “proven,” “quality,” “good”) were used to reference class-
room resources that were proven and well-used. However, panelists reported no 
agreed way to reference all non-traditional teaching methods and materials, and 
understood why faculty at large might use “innovation” to describe anything 
unfamiliar. They took “uptake” to mean use or adaptation of any classroom re-
source by individuals or faculty groups, usually in a single discipline, and in a 
few courses or sections. Uptake was essentially informal—the result of indi-
vidual faculty choices, the product of promotional efforts by project networks, 
or the efforts of leaders in particular institutions. Host institutions might not 
know this was happening. “Scale-up” was interpreted as adoption of a resource 
into many courses in one or several departments or colleges (e.g., engineering), 
across one or several institutions, or in whole divisions or institutions. “Scale-
up” implied formal decisions to adopt something as “a reform,” following the 
promotional efforts of both formal and informal leaders. For whole institutions 
this implied policy decisions. Reforms, or scaled-up “innovations” were essen-
tially public, formal, and durable. One project director described the resulting 
normative shift as the feeling that “everyone is doing this.” 
how did panel members assess the extent and nature of uptake 
of proven sTeM education methods and materials? 
We asked panel members to offer estimates of both uptake and scale-up, whether 
from their direct experience of projects, or from their wider experience of na-
tional reform efforts. 
Positive overall estimates, largely defined as “uptake”
Many combinations of research-grounded teaching methods were reported to 
be in widespread use—POGIL, PLTL, just-in-time teaching, calibrated peer 
review, etc. These and other innovations (e.g., learning communities, small 
group learning) were reported as having gained a foothold in many institutions 
and disciplines.4 Further growth was thought to depend on good professional 
4. This assessment matches Henderson and colleagues findings, using a DELPHI approach, also 
with a panel of experts. (Personal communication). For a list of “Well propagated instructional 
strategies,” consult http://www.increasetheimpact.com/resources 
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development. Other markers of uptake included: greater awareness of the 
scholarship of teaching and learning and its implications for teaching; more 
disciplinary discussion of education issues, notably at meetings; more publica-
tions available on what works better or worse; and an overall sense of an upward 
trend: “We haven’t slipped back as far as we used to. The high energy is still 
there.”
Observations on the nature of uptake
Change was largely reported to be underway in lower level classes, and most 
uptake at the individual level because we, as yet, lack strategies for institutional 
change. Pedagogical innovations with the greatest uptake were easy-to-incor-
porate technical additions to traditional pedagogy (e.g., clickers) that do not 
require fundamental change in how faculty think about their pedagogy. Also, 
more often adopted are innovations that are “concrete,” and those that can be 
grasped without much explanation. 
Examples of high-level uptake that are evident in many institutions
Over 1,000 institutions were reported to offer some form of learning community 
program, many of which are longstanding and regularly offered. They are es-
tablished in all types of institutions (research universities, engineering schools, 
regional public institutions, liberal arts colleges, and community colleges). In 
contrast with individual class uptake, they require teams of faculty and admin-
istrators to set up and run them (cf. also Taylor et al., 2003). Other resources 
cited as widely used in many institutions were: POGIL (“In 2009, 800–1,000 
people were doing something they identify as POGIL”); PLTL (2008 director’s 
survey yielded 300 users); various forms of small group learning, SENCER 
courses, and increasing use of the Student Assessment of their Learning Gains 
(SALG) online instrument. Professional development programs are established 
in many institutions, e.g., DELTA program (University of Wisconsin) which is 
offered annually and attracts good participation, and the CAEE engineering 
teaching portfolio program for graduate students. The number of teaching and 
learning centers (T&LCs) and engineering education centers continues to grow, 
although estimates of faculty usage vary. The CAEE director reported their 
“CELT” model is successfully used in other centers and departments. However, 
other panelists cited good T&LCs with low faculty use of their services.
Departmental, divisional, and whole institution scale-up
All project directors on the panel offered examples of departmental, sub-
departmental (e.g., for all introductory courses), and institutional uptake of 
 ThE rEForMErS’  TALE 451
curriculum or pedagogical reforms, some over long periods. Examples offered 
in our interviews were the iceberg tip. They (and other informants whom they 
cited) had many more examples to offer. The panel pointed to the value of col-
lecting and categorizing these in a public national registry that was regularly 
updated. The strongest example of success in a nationwide reform effort was 
agreed to be achieving higher rates of enrollment, persistence to graduation, 
and entry to doctoral programs, of women in STEM disciplines. Success was 
mainly attributed to sustained effort and funding, good publicity, and to both 
on-campus and nationally-organized women’s groups, e.g., WISE, Women 
in Engineering Programs and Advocates Networks (WEPAN), the Society of 
Women Engineers (SWE), and the National Center for Women & Informa-
tional Technology (NCWIT), rather than to pedagogical or curriculum im-
provements—a view also expressed by Fox, Sonnert, & Nikiforova (2011). The 
panel agreed that improvement in the representation among graduating STEM 
majors by students of color (other than Asians) remains low.
Caveats and factors affecting progress
Nationwide uptake was seen as variable and uneven. Some institutions (e.g., 
community colleges and liberal arts colleges) are more flexible in their teaching 
structures and have cultures that are more open to change. Some saw greater 
uptake in both engineering and physics. “Big ideas” like adoption of the scholar-
ship of teaching and learning, or learning through diversity, are more appealing 
to senior administrators than to faculty who value resources that they can use 
immediately. There is also a time-lag for uptake. For example, the PLTL director 
viewed progress in getting PLTL into department curricula as “the fruit of seeds 
sown 8–10 years ago.” Some long-time project directors reported that, in their 
own institutions, there were no signs of uptake of their resource, or value shifts 
towards other reforms: “Without institutional framework and college-level sup-
port, innovation all falls on the individual professor.” In presentations, some 
directors reported getting the same questions about their initiative that they 
got 10–12 years ago. They ascribed this to faculty being unaware of evidence of 
efficacy in the research literature that they and others have produced. Notwith-
standing the examples of uptake that they offered, they also observed that the 
effects of many initiatives have not spread much beyond the immediate group 
of innovators. 
Establishing the extent of STEM improvement
That STEM faculty teaching is unchanged was seen as the dominant NSF view. 
Panelists proposed a nation-wide inquiry to establish the extent of uptake of 
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established resources, and of formal adoption (scale-up) in particular institu-
tions. Every project director cited institutions, schools, and departments that 
had formally adopted their projects’ products and felt that others could gener-
ate such a list. They unanimously supported a formal effort to collect, catego-
rize, publish, and regularly update this information. 
What indicators or measures did panel members use to reach their assessments? 
We asked the panel members to explain what formal or informal indicators 
they, or their project evaluators, had used to get a sense of progress, both for the 
resources they had developed, and for the STEM education reform effort over-
all. Although all of their projects were formally evaluated, and examples of their 
measurement methods were offered, their responses indicated that panel mem-
bers relied more on what they had directly observed than on formal change 
measures in current use. That said, they were acutely aware of the need for good 
measures of change, described some of their problems with existing measures, 
and explained what kinds of measures they would like to have5. 
Indicators of institutional uptake of innovations 
A critical indicator of institutional buy-in to reform efforts cited by most panel-
ists was that an institution was providing money and resources to sustain them. 
They offered examples of institutions that had: created resources (some with 
endowments), such as teaching and learning centers, with new staff positions to 
service them; continued staff positions required to service innovations beyond 
the end of external grant support; and developed professional development 
programs for faculty, post-docs, and/or teaching assistants (see also Seymour, 
2005).
Within larger initiatives, communities and networks have developed, and are 
attracting new recruits
Community activities in larger initiatives that were taken to indicate growth 
and sustainability were: regional networks of learning communities, consor-
tia of participating institutions that hold meetings and conferences for faculty 
and administrators; the engagement of deans and provosts through these meet-
ings; growing attendance figures in education sessions at national conferences; 
summer institutes that have run for multiple years, and that successfully pro-
mote ideas, research, and know-how, build networks and work teams; reform 
communities that are created and maintained by online networks; new recruits 
continue to be attracted, engaged, and join the project’s dissemination efforts; 
5. Described in Seymour, DeWelde, and Fry (2011)
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project leaders receive many invitations to talk about their own work both in 
the US and internationally—an activity that builds awareness and prestige.
Greater awareness and acceptance of scholarship of teaching  
and learning and of research-based teaching methods
Expressed as direct experiences: Panel members reported that they encounter 
more awareness of teaching and learning research at all levels of academe. Ag-
gressive expressions of skepticism about student-centered forms of instruction 
that were common in presentations and workshops 15 years ago have disap-
peared. (Panelists commented that, even if this reflects political correctness, 
such behavior is no longer legitimated.) They meet more college administrators 
who are aware of the kinds of change needed to improve student learning. In-
stitutional documents (e.g., mission statements), and the language they employ, 
indicate some reform ideas have become “givens.” 
Positive shits observed in faculty attitudes toward their teaching role
Shifts in orientation toward students as learners were recounted at summer in-
stitutes in faculty presentations. Capturing such “conversions” or “moral shifts” 
is an important change indicator because, as panelists observed, faculty who 
have made these shifts in perspective do not return to traditional teaching 
methods (see also Mazur, 2009). 
Behavioral shits noted include faculty attention to their teaching outcomes
Panelists noted faculty adapting or developing learning assessment instruments 
that reflect their changed content or pedagogy. They also noted growth in fac-
ulty use of student feedback tools, notably the SALG online instrument, to so-
licit student feedback “in real time,” as well as at course end. Growth in the use of 
the SALG website and instruments, since its inception in 1997, is documented 
on its website, www.salgsite.org, and in a series of reports (2009 to 2014) by the 
SALG Development Group to its funder, the NSF. The SALG site now includes 
6,850 published instruments, administered multiple times by 12,500 instruc-
tors and responded to by 279,000 students. Many projects depend upon SALG 
instruments (including URSSA, the Undergraduate Research Student Self-As-
sessment instrument) to validate their learning outcomes, and their results have 
been reported in over 400 peer-reviewed papers in academic journals.
Spontaneously–offered reports of use and promotion of innovations
Project directors learn about uptake of their innovations when people sponta-
neously contact them. They meet strangers at meetings who describe uptake of 
their innovation. These encounters also indicate that the adapters themselves 
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are enabling further uptake: “I no longer feel I have to be out there convincing 
people because there’s enough knowledge of it out there, and it’s other people 
who do the convincing on the basis of their own practical experiences.”
Institutional shits in formal criteria for hiring, promotion, and tenure
In some institutions, the formal recruitment criteria now include familiarity 
with particular teaching methods and with the scholarship of teaching and 
learning. However, panelists also noted resistance to this, citing examples of 
senior administrator interventions to correct decisions made without reference 
to the new formal criteria.
Innovation spreads into new disciplines or from the sciences into other disciplines
Undergraduate research has spread into social science and humanities in 
multiple institutions (see also, Laursen, Hunter, Seymour, Thiry, and Melton, 
2010). POGIL was recently taken up in mathematics and biology; the SALG 
instrument and website, originally created for STEM faculty, is now used in 
all disciplines and in learning contexts outside the classroom (e.g., workshops, 
conferences, libraries, and museums). 
Finally, the panelists shared the view of the research community, discussed 
earlier, that important indicators of change are represented by the growth of 
published and presented scholarship on teaching and learning, as evidenced in 
disciplinary meetings that showcase them and journals that carry them, and by 
a gradual institutional acceptance of Boyer’s (1998) call to take account of such 
work for tenure and promotion purposes. 
dIsCussIon and ConClusIons 
Notwithstanding their own commitment to STEM education reform, the pan-
elists’ assessments of how much progress has been made were not rosy-tinted. 
They described a wide spectrum of uptake and scale-up with both encouraging 
and discouraging dimensions. All of the projects represented by our panel used 
formal evaluation methods.6 However, panel members’ accounts of evaluation 
questions they had asked, the measures that they had used, and the results these 
had yielded were clearly only a selection of all the methods they deployed in 
reaching their assessments. Their comprehensive and nuanced approach to the 
assessment of progress, grounded in experience and observation over time, uti-
lizes more markers and criteria for change than are typically included in formal 
6. The evaluation methods and findings reported by panel members for the projects they repre-
sent are discussed in Seymour, DeWelde, and Fry, 2011. 
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evaluation or research studies. Although some indicators could not easily be 
formalized, many could be included in evaluation designs. 
The panelists also argued (with examples and reference to documented 
data) that there is evidence waiting to be gathered that can establish more accu-
rately and completely than hitherto the extent and nature of uptake of research-
grounded teaching and learning methods. They identified project directors and 
evaluators as primary sources for uncollected information, whether singly, or, 
more significantly, across funded projects. Some are clearly aware of, and some 
could already provide, categorized listings of institutional and departmental im-
plementation of reformed curricula and pedagogy, and instances of high levels 
of implementation that fall short of formal adoption. Others indicated that they 
would need additional funding to conduct such inquiries, but see themselves as 
well-placed and motivated to undertake this work. The category of “high-level 
uptake” of any resource both within an institution and across institutions (i.e., 
without formal adoption) appears a worthwhile target for inquiry its own right. 
On the basis of the information that we distilled from published sources, 
and gathered directly from our panel members and indirectly from their sources 
of formally and informally gathered evidence, it is at least plausible to argue 
that the widely cited view of the National Research Council (NRC)’s report 
(2003b)—that little change has been made in the learning experiences of under-
graduates in introductory science courses—may be insufficiently grounded. Al-
though the NRC report offers no evidence in support of its claim, we note that 
it is widely cited in other work. The NRC assessment may or may not be cor-
rect. However, the credence given to one highly respected, albeit unsupported 
source, may have created a research myth. It is also possible that the extent of 
progress may be only partially documented in published work because they, as 
yet, reflect an overly narrow set of indicators. That said, insofar as funders view 
this claim as an accurate estimate of change, it has consequences for funding 
decisions affecting the reform effort: 
It is not important whether or not the interpretation is “correct” .  .  . 
if men define situations as real, they are real in their consequences 
(Thomas, 1928, p.572). 
What are the conclusions that the panel members have collectively reached 
about progress in STEM education reform? They offer many kinds of evidence—
both documented and observed—that change is happening: some as outcomes, 
some as shifts in professional attitudes and values, some in the distribution of 
awareness and knowledge, and some as identification of stages in change as a 
process. They imply that what they and co-reformers observe could (given tools 
and funding) be captured by more formal inquiries to build a many-faceted 
456 SynThESIS oF CoMMon ThEMES
picture of the processes and outcomes of change. They argue strongly that data 
already gathered by many initiatives could, and should, be mined, synthesized, 
and made available. They suggest new lines of research needed to establish the 
extent of uptake and scale-up on a national basis, and offer themselves and their 
fellow PIs, project directors and evaluators as a collective resource in develop-
ing research questions and methods. 
Even with an admitted under-sampling of the available experts, and per-
haps of available literature, we think that our panel members have collectively 
offered sufficient testimony of observed improvements in STEM education to 
lift the reform community and its funders out of the Slough of Despond, to use 
John Bunyan’s reference from The Pilgrim’s Progress, into which it may recently 
have fallen for want of some well-founded good news. That said, we clearly 
need a series of inquiries that are both multi-dimensional and national in scope 
in order to ground the actual extent and nature of what has and has not been 
achieved in the reform of STEM education. 
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Why Doesn’t Knowing Change Anything?  
Constraints and Resistance, Leverage 
and Sustainability
Elaine Seymour and Kris De Welde
In the prior chapter, “The Reformers’ Tale,” we drew on both published research 
and the responses of our invited panel of seasoned STEM education reformers1 
to address two questions: (1) What do we know about the extent and nature of 
“uptake” of proven STEM education practices? (2) What indicators or measures 
of “uptake” or “scale-up” have been used to assess these? In this chapter, we 
draw on panelists’ responses to three further questions: (1) What are the sources 
and nature of constraints upon, and resistance to, educational improvements 
in engineering and the sciences? (2) What can leverage change? and (3) What 
sustains change? Panel members viewed change processes as operating at struc-
tural, cultural, and personal-professional levels in highly connected ways. They 
discussed what kinds of leverage can be applied at these levels, and offered ex-
amples of where these have been used with success. Observations from panel-
ists’ direct experience are discussed with reference to the work of scholars who 
have also addressed these issues, including our own work in this field. 
ChangIng InsTITuTIons: PossIbIlITIes and lIMITaTIons
Institutes of higher education (IHEs) are inherently less nimble than business 
organizations. Historically, they have had fewer external drivers, and respond 
less directly to their customers and markets. The organizational structure at 
IHEs has evolved to preserve customary ways of carrying out formal tasks, 
even when some processes and their outcomes are acknowledged to be dys-
functional. These are evident, for example, in the design of lecture halls, the 
criteria for departmental funding, and for faculty rewards, tenure, and promo-
tion. Institutional structures privilege traditional teaching methods and do not 
easily accommodate new ones. This makes the resulting inertia hard to break, 
involving as it does both structural and cultural shifts. Indeed, resistance to 
1. See “The Reformers’ Tale” for composition of the panel, interview methods, and analysis. 
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change in its educational functioning may be seen as normal in higher educa-
tion institutions. 
Aware of an unsuccessful history of experiments with both grassroots-only 
initiatives and top-down led or mandated changes, the panel members were 
unanimous that successful teaching reform requires combined top-down and 
bottom-up approaches. From the top, it requires institutional commitment to 
the value of research-based instructional strategies (RBISs), shifts in the dis-
tribution of funding and rewards, and changes in organizational and physical 
structures. The panelists described the reform community’s (and their funders’) 
disheartening experiences of seeking to “institutionalize” their RBISs without 
sufficient top-down buy-in and practical support. 
In light of this history, the reform community works to convince chairs, 
deans, provosts, and college presidents of the importance to their mission of 
high quality teaching and the scholarship of teaching and learning (SoTL). 
Panel members gave examples of senior administrators who had come to see 
change as in their institution’s best interest—“as something for the president to 
brag about.” And they broadly agreed that the effort to get senior administrators 
on board has been successful: “The idea that research excellence isn’t enough 
anymore has taken hold.” They cited as evidence the successful spread of insti-
tution-sponsored teaching and learning centers, undergraduate research (UR) 
programs, high-school- to-college bridge programs, and women-in-science 
programs. They also observed that awareness of both successes and failures can 
motivate institutional leaders to respond. Innovations shown to improve stu-
dent retention and completion rates can prompt a combined top-down/bottom-
up effort. Conversely, dismal drop, withdrawal, or failure rates in key courses 
can prompt a department to make a trial run of alternative teaching methods. 
However, the panel cautioned that it is departmental, not institutional, lead-
ers that have most power to determine matters of curriculum and pedagogy. 
Institutional leverage over these matters is indirect and marginal, not central 
(Seymour, 2001). What then do institutions have the power to do? 
establishing official criteria for the faculty rewards system
Panel members unanimously identified existing institutional rewards systems 
as the main structural deterrent to change for faculty who are otherwise dis-
posed to rethink their teaching. As one panelist observed: 
What is not true is that faculty don’t care about students. Rather, the 
strategies that would improve their pedagogy are not as yet embedded 
in faculty positions and rewards. 
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The panel gave examples of institutions that have extended their criteria for 
hiring, promotion, and tenure to include evidence of teaching effectiveness and 
the scholarship of teaching and learning. Such changes reflect Boyer’s (1990) 
proposition that achievements in research and teaching should be judged by 
parallel criteria. However, they also gave examples of resistance to revised re-
wards criteria by tenure committees that continued to operate by traditional 
standards. Project directors cited cases in their own institutions where they or 
others had intervened to insist that new formal criteria be followed. One project 
director observed, “Some tenure processes have stepped up to the 21st century; 
others have a firm grasp of their rear-view mirror.” 
The extent to which institutions have revised their rewards criteria, the 
numbers of faculty who have benefitted from this, and losses among faculty 
denied promotions or tenure because their teaching achievements and scholar-
ship were discounted, all remain to be documented. However, based on their 
direct knowledge, the panel was optimistic that the institutional climate for 
classroom reformers was improving. Program directors cited tenure successes 
among their program participants, and saw it as a growing trend for new fac-
ulty to negotiate career paths that include their innovative teaching and SoTL. 
However, the panel saw this as a stronger imperative for institutional leaders 
than for departments whose criteria for hiring and career development largely 
remain traditional. Again, we lack a national picture of these significant indica-
tors of change. 
Aside from institution-level progress in restructuring formal rewards cri-
teria, project directors described the success of financial awards as a means to 
encourage individual faculty to take up innovations—for example, competitive 
grants for design, implementation, or evaluation of classroom change experi-
ments. Faculty respond well, even to modest rewards, because they showcase 
good work and confer status. Also seen as effective were institutional awards to 
departments for sustained teaching improvements that resulted in desired and 
documented student outcomes. Panelists viewed this as a promising way for 
institutional leaders to leverage departmental support for change in curriculum 
and pedagogy. 
other institutional contributions to educational reform
Sustaining faculty deployment of an innovation after external funding has 
ceased can be secured by providing administrative support, and funding faculty 
lines or staff positions that service and support research-based instructional 
strategies. As one panelist observed, “That’s what institutionalization means.” 
Such structural supports were seen as critical in institutionalizing and sustain-
ing successful projects. Administrative and physical structures may need to be 
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rethought to accommodate new ways of teaching. These may include provision 
of service staff, classroom redesign, and the addition of technical teaching aids. 
As one panelist observed: “The purposive deployment of money, jobs, and re-
sources is critical if you want to see improvements last.” 
Senior administrators can also insist on conformity where departments 
have agreed to revise their curriculum, pedagogy, or learning assessment pro-
cesses. Strategic use of central resources also plays a role in sustaining change: 
for example, where institutional research staff monitor the outcomes of an in-
stitutionally adopted reform initiative. 
Institutions have considerable power to encourage faculty uptake of new 
curriculum or pedagogy by changing their faculty time allocation policies. Pro-
vision for release time to allow innovators to do their work is critical to their 
motivation and chances of success. This is especially important for the principal 
investigators (PIs) of reform efforts who are teaching faculty. As several proj-
ect directors pointed out, few of their number have appointments that allow 
sufficient time to organize reform efforts, particularly those that are multi-in-
stitutional in scope. Any multi-institution project’s administrative efficiency is 
undermined from the outset unless its faculty PI receives appropriate time al-
lowances from the host institution. The practice of funding part-time PIs to run 
complex change initiatives may be an inappropriate transposition to education 
reform of the research funding model. Some panelists spoke from painful ex-
perience about this:
“All change project PIs are amateurs who have to learn on the job ev-
erything they need to know about how to make things happen and keep 
them going.”
“The leaders of most new projects don’t know much about the theoreti-
cal grounding of the remedies they choose to address a problem, or how 
to evaluate what they are doing. Some of them don’t even realize that 
other people have worked on this before.”
“The burn-out rate is high among PIs trying to run a complex change 
project. It’s even higher in projects that involve multiple institutions. 
This is a serious barrier to survival or scale-up.” 
Finally, panelists pointed to the significance of the power and influence of 
senior administrators and disciplinary leaders who champion education reform. 
Seymour (2001) pointed to the significance of “radicalized seniors” in publicly 
promoting educational improvements, legitimating their uptake, protecting 
younger faculty reformers from negative consequences, and using their influ-
ence to leverage change at national, institutional, departmental, and disciplinary 
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levels. Panelists cited examples of Nobel laureates, college presidents, provosts, 
and deans who have spearheaded reforms in particular institutions or on the 
national stage. Panelists were unanimous that the work of proactive and vocal 
institutional and disciplinary leaders was invaluable to durable institutional and 
nationwide change. They cited as examples of such leadership: 
•	 Seven engineering deans who created the Excellence in Engineering 
Education (EXCEL)2 coalition. 
•	 A group of senior women who insisted that their institution reverse 
a decision not to continue to fund its Women in Science Education 
(WISE) program. 
•	 Senior women administrators in one ADVANCE program3 who in-
sisted that all departments include suitably qualified and experienced, 
locally available women in their hiring searches, and refused to con-
sider hiring proposals without evidence of this. 
•	 Some long-time RBIS developers and change initiative leaders who 
have now risen to senior positions in their institutions with seats on 
finance, hiring, promotion and tenure committees are positioned to 
give direct assistance to change initiatives. 
role of professional development in teaching and learning
Institutions can provide funding and resources for teaching and learning cen-
ters (T&LCs) and for professional development programs for faculty, graduate 
students, post-docs, and graduate teaching assistants (TAs). They can also ac-
tively leverage their use and status. Panelists were unanimous in proposing that 
the single most important strategy for durable, nationwide STEM education 
reform is development of institution-wide professional education programs 
that ground the pedagogical knowledge and skills of current and future faculty 
in SoTL research. In the interim, where faculty innovators teach large classes 
with the help of graduate TAs, such programs are critical in securing the active 
2. EXCEL was the first of a series of coalitions funded by the NSF to promote improved teaching 
across particular university disciplines. 
3. The goal of the NSF’s ADVANCE program is to increase the representation and advancement 
of women in academic science and engineering careers, thereby contributing to the develop-
ment of a more diverse science and engineering workforce. ADVANCE encourages institu-
tions of higher education and the broader science, technology, engineering and mathematics 
(STEM) community, including professional societies, to address aspects of STEM academic 
cultures and institutional structures that may differentially affect women faculty and academic 
administrators.
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collaboration and professional socialization of graduate assistants. In our evalu-
ation studies, we found that research-based education programs for TAs can 
also ward off disapproval, even sabotage, of an instructor’s RBISs, by TAs who 
have internalized the values and methods of more traditional instructors (Sey-
mour, 2005).
Panelists also saw the potential of institutionally supported T&LCs to pro-
mote change through the practical assistance they can provide to instructors 
(for example, with learning assessment methods). However, creating such cen-
ters is not enough. Panelists cited examples of well-run centers that faculty do 
not use. One panelist urged, “Institutions must promote them, make them ac-
cessible, and reward their use.” Another concurred: “We can’t wait for faculty to 
discover them.” Centers may be underused where their staff are post-doctoral 
appointees, or have doctoral degrees in education but not in STEM disciplines. 
To be respected, center staff need high skill sets and status derived from disci-
plinary research. Institutions can enable this with part-time appointments for 
disciplinary faculty. 
Outside of institutions, and predating T&LCs, regional, disciplinary based 
workshops have, for two decades, been the main conduits of knowledge and 
know-how developed by larger initiatives. Project Kaleidoscope is probably the 
best- known example. There is strong evidence that workshops foster cross-
institutional reform by drawing in, educating and enabling recruits, and incor-
porating them into the change effort (Andrews, 1997; Hilsen and Wadsworth, 
2002; Connolly and Millar, 2006). Project directors with long experience as 
workshop organizers observed that, to work optimally, they must be of suf-
ficient duration, offer repeated exposure in a progressive sequence, provide 
support for new reformers in their home departments, use “old hands” as facili-
tators, and build facilitator capacity among newer recruits:
“Workshops give strength, motivation, and skills to people who don’t 
feel a connection to their department colleagues.” 
“They offer portals to people who are like-minded, people that they 
wouldn’t ordinarily meet—people in different disciplines, senior 
people.”
Panel members observed that the continuing role of reform-associated 
workshops was thrown into doubt because of difficulties in finding adequate 
funding. However, professional and disciplinary societies have stepped into this 
role by mounting workshops as part of annual meetings. 
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engagIng faCulTy
The role of internalized disciplinary and academic cultures  
in resistance to change 
As we asked in the previous chapter, “Why do faculty not use more of the sound 
innovative instructional practices that are available to them?” To which, one 
project director added: “Why don’t faculty apply to their teaching the same 
standards and care that they use in their own research?” We cannot attempt a 
comprehensive answer to either question here. However, we offer some insights 
from panel members with long experience of seeking ways to address them. 
First, one cannot assume that faculty members are free agents. Their pro-
fessional choices are shaped by socialization in graduate school and by values, 
norms, and beliefs transmitted through their discipline and reinforced by their 
departments—cultural forces that are strong enough to withstand change ef-
forts (Seymour, 2001). In addition, the broader culture has, over the later 20th 
century, lost much of its traditional respect for teachers (Seymour, 2006). One 
panelist cited Barzun’s (1991) observation that academe has lost its sense of 
teaching as “a calling.” Another described the academy’s de-professionalization 
of teaching: Unlike other professions, the academy does not formally educate its 
entrants for this aspect of their professional role (cf., Seymour, 2007). Learning 
how to teach has to be retrofitted. As one panelist observed:
“Where the cultural norm—that teaching is a “talent”—is dominant, 
instructor education may be viewed as ineffective for the untalented 
and unnecessary for everyone else.” 
It is against this culture that education reformers press institutions to pro-
vide mandatory research-grounded teaching, and learning education for grad-
uate students and instructors. 
Some panel members themselves subscribed to a commonly expressed 
view of professional rights by which the norm of “academic freedom” is ex-
tended to the belief that faculty are the best judges of how to teach any class. 
However, they also identified this as the source of a tendency to adapt rather 
than adopt RBISs. In journal accounts, presentations at meetings, and live en-
counters with adapters of pedagogical methods that they have developed, panel 
members observed that users commonly miss out essential elements or violate 
the innovation’s central principles. Their observations are supported by Dancy 
and Henderson’s (2010) findings that, in implementing innovations, faculty 
commonly altered them in ways that made them more “traditional” and, thus, 
significantly differed from the original research-grounded techniques. As one 
frustrated developer observed: 
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“Then they complain that the method doesn’t work and stop using it. If 
they used it the way it was designed to work, it would.” 
A number of researchers have documented the “discontinuation rates” 
among faculty who try particular RBISs but then abandon them. (Henderson 
et al., 2012; Froyd et al., 2013; Prince et al., 2013; FTI Consulting, 2015). They 
concur with the panelists’ experiences that incorrect adaptations of their meth-
ods are significant sources of discontinuation. 
Might this widespread adapter behavior simply reflect the variability of 
teaching situations, or is the presumed uniqueness of each classroom a myth? 
Panelists thought the latter, pointing to the dominant traditional pattern in 
all research universities of large classes taught in an entirely uniform manner. 
The adapt-rather-than-adopt pattern creates hybrids that panelists described 
as “SENCER-like, POGIL-like, PLTL-like, SALG-like”,4 etcetera—which make 
evaluation of their efficacy and meta-analysis very difficult (Century et al., 2010) 
Henderson and colleagues (2012) and The Gates Foundation (FTI Consulting, 
2015) also report a “knowledge-practice gap” that manifests in inappropriate 
adaptation of RBISs. 
student resistance 
Faculty and their departments may also be locked into a culture that supports 
dysfunctional teaching norms and practices, notably, tolerating high rates of 
student failure, and the “normative resistance” exhibited by students in many 
traditionally taught classes (Seymour, 2005). In large lecture classes especially, 
students routinely behave in ways that express disinterest, disengagement, and 
disrespect. They distance themselves from whatever the teacher is doing by “ar-
riving late, sitting at the back, talking, reading non-class material, doing work 
for other classes, eating, sleeping, and failing to ask or answer questions” (Sey-
mour, op.cit., p. 128). These behaviors are well-known to faculty, and, for those 
who are hesitant to change their teaching methods, may be used as a rationale 
to “let sleeping dogs lie.” Panelists cited culturally-supported faculty explana-
tions for these widespread forms of student resistance to large lecture classes 
that deflect blame away from the teacher’s methods onto presumed flaws in 
students as a genus (see also Seymour and Hewitt, 1997; Campbell et al., 2001; 
Seymour, 2005). 
Panel members were asked why the persistence of negative student re-
sponses to traditional teaching did not prompt faculty to try other methods? 
Their answers focused on fear of the consequences. Learning new teaching 
4. Science Education for New Civic Engagement (SENCER), Process-Oriented Guided Inquiry 
(POGIL), Peer-Led Team Learning (PLTL), Student Assessment of their Learning Gains (SALG). 
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methods may carry a greater emotional load of risks, fears, and potential losses 
than tolerating bad student behavior—particular when colleagues blame the 
students, not the teacher. Trying unfamiliar methods also raises fears of expos-
ing what they might not know, losing control over class activities, collegial ac-
cusations of reducing course “rigor,” or failing to cover a normatively-defined 
canon. Faculty may also fear negative student responses to new teaching meth-
ods in institutional course evaluation surveys that (albeit, woefully irrelevant 
as measures of student gains) are included in their tenure and promotion port-
folios as evidence of teaching competence. Indeed, it was partly to address this 
realistic fear that the Student Assessment of their Learning Gains (SALG) in-
strument was developed (in 1997) as a web-based course evaluation instrument 
that focuses exclusively on student learning5 (Carroll, 2010). 
Why would students resist, rather than rejoice, when instructors give more 
thought to helping students learn? As argued in Seymour (2005), many stu-
dents enter college having learned mostly by memorization. Little may have 
been demanded of them by way of inquiry, independent reflection, or appli-
cation of knowledge. Early college classes, traditionally taught, do not disrupt 
familiar learning techniques that focus on passive absorption and short-term 
memorization. However, students find that these methods do not work where 
teachers demand active engagement with ideas, independence of thought, ap-
plication of ideas in new situations, and responsibility for learning. Rather, such 
approaches expose inadequacies in students’ traditional learning practices and 
in their depth of understanding. An implicit contract between students and 
teachers about what each expects of the other is thus suspended. The result-
ing discomfort can provoke anxiety, complaints, withdrawal, and both passive 
and active resistance from students. Innovators can expect student resistance 
to be most acute early in their introduction of new learning methods. Seymour 
and Laursen (2005) reported that innovating faculty can typically expect two 
semesters of resistance from the start of any course requiring students to en-
gage in active, interactive, or inquiry-based learning. Acceptance and appre-
ciation develop as faculty gain experience and confidence in using their new 
techniques methods, as students (and their TAs) become aware of increased 
learning gains, and as the approach comes to be seen as “normal” for this course 
(Seymour, 2005). 
Internalized restraints and other issues of departmental change
The panel was agreed that discovering how to leverage change in departments 
is critical, and “that we have never really known how to do it.” Routine resis-
tance to teaching changes is, as panelists noted, too consistent in particular 
5. See salgsite.org
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sub-disciplines (e.g., organic chemistry) to be coincidental. It is best explained 
in terms of deeply internalized cultural norms about appropriate teaching 
methods and their purposes (including the practice of “weeding out” some 
students). Faculty participating in summer institutes or workshops commonly 
describe their struggle to break loose from such internalized restraints. As one 
panelist observed:
“Although our whole program is built on a critique of traditional prac-
tice, we avoid direct attacks which only provoke resistance. Instead, we 
find ways to get participants to see the critique and its personal conse-
quences for themselves.” 
However, as another panelist commented, “The power of departmental cul-
ture and customary practices makes it difficult to see when and how STEM 
faculty get to exercise choice.” 
That said, panel members thought that such resistance is lessening because 
it has become harder to ignore widely circulating knowledge about improved 
teaching methods and their results. Faculty are more aware of research on how 
students learn best and why “straight lecturing” is less effective than more active 
and interactive pedagogies, some of which may be incorporated into a variable-
methods lecture class. (See also, Walczyk, Ramsey & Zha, 2007; Dancy & Hen-
derson, 2010; Borrego, Froyd, & Hall, 2010 Froyd et al., 2013; Prince et al., 2013; 
Hora, 2013.) They also hear colleagues at disciplinary meetings describing im-
proved results from research-grounded teaching. The panel acknowledged the 
growing role of disciplinary societies in spreading, and thereby legitimating, 
uptake of good practices. As one panelist observed, “It has become a more con-
scious moral choice not to try them.” 
Panelists saw the ground having shifted from arguments about insuffi-
cient evidence of the efficacy of new pedagogies to a more defensive rationale 
that changing their teaching methods would take too much time and effort. 
Beichner and colleagues (2007), Dancy and Henderson (2008, 2010), and Fair-
weather (2008) all present evidence of faculty claims that the presumed time in-
vestment is a primary reason for not changing their teaching methods. Panelists 
advocated providing faculty with time for educational development work as an 
important institutional contribution to improved teaching. However, panelists 
also treated the argument that “it will take too much time” as a culturally legit-
i mated fend-off in face of increasingly powerful evidence supporting change:
“It’s a rationale that my colleagues know won’t be challenged. And it 
covers their fears of being criticized for being seen as spending too 
much time on teaching, possibly at the expense of their research.” 
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Panelists advocated securing the buy-in of chairs as a critical element in 
creating a departmental climate supportive of improved teaching. It is largely 
chairs that decide who teaches what courses; they can also protect foundational 
courses from pressures by departments whose majors they service, and mentor 
early-career faculty interested in teaching improvements. As discussed above, 
institutions can also leverage change via rewards to departments that demon-
strate improved student learning, persistence of majors to graduation, or in-
creased participation by hitherto under-represented student groups. 
However, in a climate showing signs of appreciating the importance of im-
proved curriculum and pedagogy in introductory courses, panelists lamented 
the departmental response of employing adjunct faculty, lecturers, or faculty 
appointed to specifically to teach foundational courses. One panelist labeled 
this “as a form of unbundling,” that is, the corporate practice of separating and 
redistributing its organization’s component parts. Others commented on the 
lower departmental status and salaries of faculty “who are hired just to teach” 
(cf., Fairweather, 2008).
under present conditions, what may best secure faculty engagement? 
Panel members focused on four main strategies. The first, institutional-wide 
establishment of professional development for instructors and graduate stu-
dents in research-based pedagogy is discussed above; three others are discussed 
below.
Building communities and networks 
Panelists gave many examples of communities and networks that function to 
keep like-minded reformers supported, motivated, and engaged. Historically, 
these have developed in larger initiatives and are sometimes referred to as “com-
munities of practice.” They support faculty who might otherwise be isolated, ac-
cumulate a reservoir of know-how and resources for members to tap into, and 
offer the satisfactions of working together—often with colleagues they might 
not otherwise meet. Much of the daily life of such communities and networks 
proceeds by electronic means. However, panelists observed from experience 
that securing funds for meetings, institutes, and workshops “is always time and 
money well spent.” Face-to-face occasions bring together experienced class-
room innovators with interested newcomers. Workshops and active working 
collaborations build the reform effort by attracting, training, motivating, and 
supporting recruits who become the next wave to carry the reform effort for-
ward. Engagement in community conversations also enables faculty to deepen 
their understanding of the underlying principles of an innovation and develop 
ownership of the adaptations they develop. 
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The significance of communities and networks in enabling the uptake of 
RBISs is also reported in a number of studies. For example, in a large survey-
based study, Foote and colleagues (2014) identify interpersonal networks as 
significant in leveraging and accelerating uptake of educational innovations, 
including SCALE-UP. Many more survey respondents reported that they had 
learned about SCALE-UP in interpersonal ways (through talks, workshops, and 
colleagues), than through mass media channels. Similarly, Hora (2007) ascribes 
SCALE-Up’s success in large part to its development of STEM and education 
faculty networks that use collaborative approaches in teacher preparation. A 
sense of ownership, which the panel identified as critical in sustaining indi-
vidual reformers, is also identified by scholars as a key component of successful 
institution-wide change (e.g., Elizondo-Montemayor et al., 2008). Increasingly, 
disciplinary and professional societies play an active role in developing com-
munities of education research and practice, and providing the venues to sus-
tain working collaborations. 
Panelists also offered single institution examples where development of a 
cross-department community (that might include faculty, administrators, stu-
dents, advisors, and staff) sustained reform efforts. For example, ADVANCE 
initiatives were cited as effectively addressing the concerns of women via campus-
wide community action, and the diverse composition of such communities was 
seen as a major contributor to their effectiveness. 
Offering faculty resources they can find and use
Panelists reasoned that faculty are more likely to try out high quality materials 
and methods if they are introduced to them by people that they respect, if they 
can find them easily, and if they are easy to use. In addition, because adaption 
rather than adoption is the norm, the core elements and underlying principles 
of an innovation also need to “make sense” to faculty. Spillane, Reisner & Re-
imer (2002), Small (2014), and others argue that people are more receptive to 
new ideas when they align with existing norms and practices. As one project 
director observed, “the classroom innovations that we see most readily adopted 
are the ones that faculty find easy to relate to.” 
Fairweather (2008) argues that faculty also need practical information on 
implementation strategies. One director reported that repeatedly showing col-
leagues’ results obtained by using the learning assessments methods developed 
by his project spreads their uptake. An evaluator reported that what young fac-
ulty took away and used (both immediately and over time) from the project’s 
professional development program were doable teaching strategies and class-
room management tips, rather than more complex activities such as education 
scholarship. 
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What faculty can use is also related to the time and effort they presume 
will be needed. Notwithstanding their skepticism about time constraints as an 
avoidance rationale, panelists agreed that, for reforms to be taken up and be-
come established, they should not demand more time than faculty feel they can 
give. As Borrego and colleagues (2010) also found among engineering faculty, 
reforms requiring least coordination and commitment of time were the most 
likely to be used. 
Lastly, getting knowledge and know-how out to faculty requires proactive 
forms of dissemination. As one panelist observed, “It is critical to synthesize 
what we know for faculty to find easily and use.” Popular search engines, like 
Google, are more likely to be searched (often at short notice) for teaching ma-
terials than the National Digital Library collections (Manduca et al., 2006; Mc-
Martin et al., 2008). One panelist summarized the general view that, in addition 
to published accounts of successful innovations, “the NSF has a lot of evaluation 
data that should be synthesized and published in a single, easily found place 
with regular updates.” Some panelists pointed to congressional and presidential 
encouragement to the NSF to become more active in compiling, synthesizing, 
disseminating, and promoting what they know from evidence to be effective 
(President’s Council of Advisors on Science and Technology Report, 2010). 
The role of evidence
Panelists shared the view, also proposed by other scholars, that proving a re-
source works is necessary, but is not sufficient, by itself, to persuade faculty 
to use it (Seymour, 2001; Dancy and Henderson, 2008, 2010; Fairweather, 
2008; Borrego and colleagues, 2010). We have long known that validation by 
disciplinary colleagues with high research prestige legitimates educational in-
novation (Foertsch et al., 1997). Providing such validation is one important 
contribution made by “radicalized seniors.” Panelists recounted another effec-
tive source of persuasion—the personal stories of experienced innovators of-
fered at their summer institutes and workshops. They described the powerful 
effects on newcomers of engaging in hands-on experiences of new methods, 
personal accounts by people who use them, and a safe and supportive environ-
ment in which to discuss concerns. In combination, such experiences contrib-
uted to the many “conversions” they had witnessed. Project evaluators agreed 
that, once faculty reach an intellectual and personal understanding of what they 
need to do in their own classrooms, and experience of using new methods with 
their students, they typically discover that they cannot return to how they pre-
viously taught (cf., Mazur, 2009).
What, then, did panel members see as the role of evidence? They argued that, 
strong evidence of success presented in disciplinary and professional meetings 
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or at project meetings can be a good driver of uptake. They also pointed to in-
creasing awareness of learning research that supports many innovations. How-
ever, in line with a number of studies that report a gap between knowledge 
and practice (e.g., Borrego et al., 2010; Dancy and Henderson, 2010; Froyd et 
al., 2013; Prince et al., 2013), the panelists observed that faculty awareness of 
available RBISs far outpaces adoption levels. Greater faculty understanding of 
the evidence in support of RBISs is a necessary precursor to change in teaching 
practice. However, it does not necessarily prompt or sustain it. Both Henderson 
and Dancy (2009) and Norton and colleagues (2005) found that faculty concep-
tions and beliefs about teaching were “more reformed” than their actual prac-
tice. Finally, panelists were doubtful whether any amount of evidence would 
sway those most opposed to change: “We won’t get more change by producing 
more work that’s focused on becoming credible with disciplinary conservatives.” 
Several panelists pointed out the irony that, lack of evidence of the efficacy 
of lecture-only teaching does not undermine its widespread use. Nor does it 
curb uptake of practices that are widely believed to be good. As an example, 
they pointed to the major expansion of undergraduate research (UR) programs 
funded by large grants. Although both UR funders and directors sought evi-
dence of student gains that they attributed to these experiences—and of ways 
to measure them—they proceeded without either. Faculty confidence in UR 
methods was grounded in their own direct observation of student responses 
and outcomes—a form of validation that the panelists broadly shared. Re-
search-based evidence for such confidence is now available, and Laursen and 
colleagues (2010) offer a comprehensive review of their own and other studies 
of UR benefits. Clearly, academics do not necessarily require evidence before 
making pedagogical choices, but they do have to believe in their value.
broader InfluenCes on Change 
Finally, the panel discussed four types of leverage that have the capacity both 
to instigate and to sustain change: (1) external pressures, (2) creating a demand 
for change, (3) transcendent concerns that overcome resistance, and (4) the role 
of adequate funding.
The significance of external leverage has been noted since the early days of 
the STEM reform effort (Seymour, 2001). Panelists pointed to the leverage of 
engineering education reforms by the Accreditation Board for Engineering and 
Technology (ABET). The earliest of the major coalitions, EXCEL, was grounded 
in ABET’s concern to restore design to the engineering curriculum, a goal which 
the EXCEL coalition achieved. Panelists observed that the power of accrediting 
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agencies to encourage and endorse change is beginning to be deployed as edu-
cational standards gain currency in higher education.
Also recently expounded is the proposition that change can be generated by 
creating a demand for it, for example, by students or employers (Zemsky, 2009). 
The director of SENCER described an example in which students had success-
fully lobbied for introduction of SENCER courses in their curriculum.
In documenting the adoption of cross-disciplinary, environmental problem-
focused curricula at two universities (Emory and Tufts), Barlett and Rappa-
port (2009) did not draw the broader inference that institutional and personal 
resistance to innovation in STEM education may be surmounted by a rally-
ing call with sufficient power to command widespread response. However, this 
proposition resonated with panel members. They offered further examples of 
transcendent concerns that had overcome departmental and individual resis-
tance and generated cross-institution efforts to address widely shared concerns, 
notably, global and regional environmental issues. Engineering panel members 
cited curriculum changes in schools of engineering to address the “Fourteen 
Grand Challenges awaiting engineering solutions in the 21st century” (as delin-
eated by the National Academy of Engineering, 2008–2014). Other issues cited 
by panelists as having rallied administrators and faculty into concerted action 
were regional concerns over job shortages for graduates that prompted both 
“Rust Belt” and California schools to provide education geared to environmen-
tally focused industries. Similarly, a shared concern to break the patterns of dis-
advantage that have historically limited access to STEM education and careers 
for students of color and women of all races and ethnicities was also cited as a 
catalyst for institution-wide change efforts. 
All panel members discussed the proposition that strategic deployment of 
money (whether from institutional or external sources) can enable or hold back 
desired educational change. Directors of projects that were operating success-
fully across multiple institutions, were concerned how their initiatives would 
survive or maintain growth, especially where their own institution offered no 
financial support. On no other issue was the distinction between uptake and 
scale-up more sharply made, for example: 
“We don’t currently have any funds to run the project. If there’s any 
funding, it has shifted to people who are using what we developed.” 
There was consensus that:
“Funding must be adequate to the size of the task. It’s not enough just 
to grow communities; you need to support them if you want national 
outcomes.” 
 Why DoESn’T knoWInG ChAnGE AnyThInG? 477
Panelists pointed to a long-standing, but unrealistic, expectation by funders 
that, somehow, projects will become institutionalized, or otherwise sustain 
themselves. They observed (from experience) that “the typical PI does not have 
the skills to invent a self-sustaining structure for a project being used in many 
institutions.” 
As veterans of many grant proposals, they noted patterns in the solicitations 
and awards practices of funders that they assessed as counterproductive for 
scale-up. Among these, were an unstated, but normative, timeline for achieving 
project goals, and refusal of further funding after a program, however success-
ful, is “thought to have received enough”—a norm that effectively dismantles 
what has been built over time. As one respondent observed, “Reluctance to 
keep a good thing going is built into NSF’s distribution of funds.” They under-
stood that the NSF in particular was struggling with the constraints of its origi-
nal mission to create new knowledge, rather than to disseminate and promote 
proven practices, but were generally skeptical that the expectation of project 
sustainability was grounded in an understanding of how widespread change 
is to be secured. One panelist wondered “if the NSF had a model for scale-up, 
or were expecting grantees to discover it by trial and error.” They stressed that 
the focus on innovation at the expense of consolidation and growth was self-
defeating: “We never get to see what could be achieved if successful innovations 
were promoted and supported.” 
The mixed messages they saw in patterns of NSF funding confused program 
directors: “Some projects with demonstrated success continue to get funding, 
but they starve and stunt the growth of others.” They tried to make sense of this. 
The composition of review panels, or the guidelines they were instructed to use, 
were thought to reduce their chances of sustaining successful programs:
“I question the criteria by which a decent proposal from a project such 
as this, with widely acknowledged teaching methods and growing fac-
ulty uptake, gets rated only as ‘fair.’” 
Another panelist (with “rotator” experience6) wondered if “the rotators system 
creates loss of institutional memory.” Whatever their causes, they described the 
damaging effects of what seemed irrational withdrawals of funds:
“Cutting off funding from workshop-based projects that have devel-
oped expertise in how to do them well, that are getting good response, 
attracting new facilitators, and growing the movement, is disastrous. It 
demoralizes people who have invested a lot and have taken professional 
6. “Rotators” are disciplinary faculty who are invited to work at the NSF in various capacities for 
a defined period, then return to their institutional duties. 
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risks to do this work. It is important to reward people. It’s also impor-
tant not to punish them for doing a good job.”
“Innovations are now intrinsically sustained by the concern of indi-
viduals and small groups who want to make a difference. I question 
whether this is enough.”
All the directors were expecting more difficult financial days ahead. As one 
director observed, “I am afraid that large budget cuts will choke off progress.” 
And, in various ways, they were trying to prepare for this. One initiative focused 
on building faculty capacity in research and scholarship in the expectation that 
external funds would run out, and individuals and small groups would have 
to continue the work unaided. Some multi-institutional projects were looking 
for ways to become financially independent from host institutions that had ac-
cepted their grant overhead but did not support them. They were exploring 
endowment funding, establishment as independent not-for-profit entities, and 
exploring how to charge fees for some services. One project had shifted to a 
business model that transfers some of direct costs of summer institutes to insti-
tutions that send participants. 
We were surprised to discover that long-time directors of large projects 
who shared the same problems of survival and growth, saw opportunities to 
discuss collective concerns and ideas with each other as rare. They valued meet-
ings among project directors, evaluators, and seasoned NSF officers to discuss 
ways to sustain successful initiatives. They also identified questions of how to 
secure wider uptake of proven methods and materials, and to scale up and sus-
tain successful programs, as research questions deserving of an awards category 
in their own right.7
The role of theory
The work of the reform community is the practical lab where theories of 
change—often implicit rather than stated—are tested. Writing from an evalu-
ator’s perspective in 2001, Seymour characterized the nature of much of the 
experimentation in STEM education then underway as a-theoretical. Proposals 
for action commonly jumped from diagnosis to action without if-then ratio-
nales to explain why chosen strategies might work. As Borrego and Henderson 
(2014) observe, projects are still apt to explain their choices of action in terms of 
7. This wish may now have been partially granted by the launch of two NSF programs—In-
novation Corps (i-corps) Teams whose mission is to enable widespread adoption, adaptation, 
use of resources developed with NSF funding; and i-corps Learning Teams which offer practical 
guidance to developers in building appropriate organizational and funding structure to inde-
pendently sustain their work.
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a single change strategy. Since 2001, a growing group of theorists have come to 
the reformers’ aid by building a body of change theories and models that can in-
form their choice of action. Borrego and Henderson review this history and the 
array of available perspectives that can enable the design of more robust change 
strategies by making their underlying assumptions explicit. Funders (and their 
reviewers) have also responded by requiring project proposers to explain the 
rationales for their proposed choices of action. 
Panelists were aware of, and some were collaborating in, the development 
of theoretical frameworks by which to understand how change happens. How-
ever, they assessed, this work as not yet widely realized as praxis—the process 
by which theory is embodied or enacted. A gap (partly of language) between 
theorists and practitioners may need to be bridged before theories of change 
are deployed by lay planners and implementers as a matter of course. However, 
theorists and reformers share common ground in viewing as paramount the 
task of determining how change may best be made at departmental, institu-
tional, and national levels. 
dIsCussIon and ConClusIons
As we have described, panelists responded to our opening question—“Why 
doesn’t knowing change anything?”—with an array of both experienced and ob-
served strategies that have taken them from diagnosis (i.e., “knowing”) to suc-
cessful interventions. What the panelists (and many researchers and evaluators) 
also “know” are the nature and sources of inertia and resistance that constrain 
freedom of choice for faculty, their departments and institutions, and their stu-
dents. In a situation of increased awareness of what might be done to improve 
the quality of STEM education, what the panelists have learned by direct and 
shared experience is what kinds of leverage can surmount these obstacles and 
enable faculty to choose and maintain research-based instructional strategies. 
For example, moving the criteria for faculty rewards towards the Boyer model, 
has long been identified as essential to free faculty from constraints on their 
choice of teaching methods. However, panelists also attested to the strategic 
distribution of teaching achievement rewards to whole departments as an ef-
ficient way to leverage both individual and institution-wide change. Panelists 
prioritized institutional change strategies by their observed effectiveness. Im-
portant among these were: strategic institutional deployment of rewards (as 
above) and also of funding, jobs, and resources (to sustain successful initia-
tives); institution-wide professional development programs in research-based 
teaching methods for both faculty and graduate students; building widely inclu-
sive communities and networks within and across institutions; making RBISs 
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easy for instructors to find and use; and linking change goals to shared profes-
sional values or transcendent social concerns. 
The panelists also saw themselves, their fellow PIs, project directors, and 
evaluators as an underutilized resource in the effort to ground change efforts 
in experience over time. What they have observed and documented could be 
drawn upon to build what one panelist descried as “a battleground map” of 
strategies that enable and sustain change, and to identify initiatives that are 
already working but need stronger support. Evaluation findings from change 
initiatives should, they argued, also be mined, synthesized, and made available. 
They also understood that the historic mission of their primary funder, the Na-
tional Science Foundation, has inhibited its direct engagement in sustaining the 
practices they have helped to develop and test. However, they invited all funders 
of improvements in STEM education to become active partners in promoting 
practical answers to the question, “How best do you take successful change 
strategies, develop them to scale, and sustain them?”
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Toward a New Normal
Linda Slakey and Howard Gobstein
The preceding chapters in this volume explore issues that drive the need for 
change in undergraduate STEM education, and models for bringing about in-
stitutional transformation. They present a rich array of approaches to this chal-
lenge, from concepts in their early stages of implementation to mature projects 
that provide opportunities for reflection, and from a focus on individual courses 
and faculty pedagogy to institution-wide frameworks. In this chapter, we view 
the work from the perspective of time, looking back over recent advances, and 
reflecting on the findings presented in this volume, and then forward, noting 
new or growing external demands and developments, and the implications they 
have for institutional transformation. 
We are interested in what it will take to make student-centered practices 
the new normal. How might we ensure that practices that have been proven to 
be effective will replace a culturally embedded reliance on the transmission of 
information via the 50-minute lecture as the principal means of instruction? 
The accounts in this volume show that we have moved well along a path from 
having a single course revision seem like a breakthrough to a focus on systemic 
change. Before reflecting on studies presented at the Transforming Institutions 
Conferences, we note two factors that support systemic change that are in place 
now and that weren’t present, or were less developed, as little as five years ago. 
First, large bodies of evidence for the effectiveness of student-centered ap-
proaches to pedagogy have been collected and analyzed. Newcomers who want 
to learn about the depth and quality of evidence, or those who need to provide 
convincing arguments, perhaps to campus leadership or funders new to this 
effort, will find this is much easier to do than was the case a few years ago. Ex-
amples include:
•	 Singer, Nielsen and Schweingruber, Discipline-Based Education Re-
search: Understanding and Improving Learning in Undergraduate Sci-
ence and Engineering (2012). 
•	 President’s Council of Advisers on Science and Technology (PCAST,) 
Engage to Excel: Producing One Million Additional College Graduates 
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with Degrees in Science, Technology, Engineering, and Mathematics 
(2012). 
•	 Freeman et al. Active Learning Increases Student Performance in Sci-
ence, Engineering, and Mathematics (2014).
Second, research groups and faculty learning communities focused on this 
effort have begun providing practical guides to designing and implementing 
change at the course and department level. The first two listed explicitly con-
nect evidence from studies of cognition and memory to pedagogy. Some of the 
practical conclusions from studies of memory and attention are counterintui-
tive, and important to designing pedagogy that maximizes the opportunities for 
learning. 
•	 For a faculty member or department just getting into conversion of 
lecture-based courses to more student-centered pedagogy, the Carl 
Wieman Science Education Initiative (CWSEI) has prepared a Course 
Transformation Guide. CWSEI also maintains a webpage listing a 
number of additional resources for course transformation. See http://
www.cwsei.ubc.ca/resources/index.html 
•	 A faculty learning community at Carnegie Mellon University has pro-
duced a guide to pedagogy based on cognitive science. See Ambrose 
et al., How Learning Works: Seven Research-Based Principles for Smart 
Teaching (2010).
•	 Lessons learned from cognitive science and tested in the Howard 
Hughes Medical Institute/National Academy of Sciences Summer In-
stitutes are summarized in Handelsman, Miller, and Pfund, Scientific 
Teaching (2006).
•	 There is now a companion volume to Discipline Based Education Re-
search from the National Research Council, that provides a handbook 
of practical examples and advice: Kober, Reaching Students; What Re-
search Says About Effective Instruction in Undergraduate Science and 
Engineering (2015). 
Turning now to reflections on the work presented in this volume, we see that 
the development of frameworks for institutional change, and the implementa-
tion of these frameworks within networks of institutions, have added substan-
tial visibility and institutional credibility to efforts for reform. Frameworks lay 
out elements at an organizational level higher than a course or curriculum that 
need to be in place for complex cultural change to occur. A framework typically 
has some theoretical underpinning, but is also designed to be a practical guide 
for action and analysis. Framework projects may contain or lead to rubrics by 
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which a campus or smaller unit can measure progress. Examples explored in 
this volume include the framework developed in the Keck-funded initiative led 
by Project Kaleidoscope (PKAL), and the STEM initiative of the Association 
of American Universities (AAU). In Section A4, writing about the Keck-PKAL 
initiative, Elrod and Kezar describe a process in which a group of institutions 
each worked through identification of campus-level goals, planning for change, 
and implementation, and then collectively developed an understanding of this 
process that can be shared with other institutions. In a series of four chapters, 
members of the AAU initiative describe its goals and organizational structure 
(A3), provide examples of project implementation at the campus level (B1 and 
2), and discuss the challenge of collecting evidence across the initiative that 
would enable assessment of the impact of the project, as well as provide bench-
marks about current practice (E4).
Groups working to change the way teaching is viewed and carried out in 
college and university settings have begun to apply knowledge about organi-
zational change developed in the social sciences and in the business sector. 
Ferrini-Mundy (A1) emphasizes the importance of grounding change work in 
a theory of change, and shares the high level constructs that presently guide 
the approaches the National Science Foundation is taking to funding the trans-
formation of STEM education. Increasingly, we see studies that apply specific 
models and theoretical constructs from these sectors to the challenge of bring-
ing about change in the practices of academic life. Kezar and Holcombe (A2) 
explicitly connect research findings on organizational change to the Keck-
PKAL initiative, and emphasize a point made in several other chapters: that sus-
tainable change requires action from both the highest levels of leadership and 
the core workers in an organization. They further emphasize the importance of 
integrating the multiple dimensions of change in higher education—structural, 
human resource, political and symbolic.
Reinholz and his colleagues (B4) present examples of two approaches that 
deal in different ways with the interactions among the levels of the organiza-
tion, again with the discussion grounded in the organizational change litera-
ture. Marker and his colleagues (B8) also test an explicit model of change taken 
from business, one that features integration of the efforts of different organiza-
tional levels. The model they examine echoes one of the empirical findings of 
the Keck-PKAL initiative, namely that change begins with developing a com-
mon understanding of the present circumstances and the desired change. 
Potter and his colleagues (B6) also pay substantial attention to sharing infor-
mation during the planning stages for change, and further emphasize the use of 
detailed data on student outcomes as a way of grounding plans. The report from 
Scott Franklin (B3) provides an interesting example of an institutionalization 
488 SynThESIS oF CoMMon ThEMES
of change that arose from the bottom. Administrative support was needed, but 
the motivating force came from the desire of a group of faculty to bring about 
change. The themes of careful attention to student data, and understanding 
what motivates faculty, feature as well in Bunu-Ncube and her colleagues’ re-
port (B7). They found that a relatively modest financial incentive in support of 
the work was enough to draw in faculty.
Describing one of the more mature projects in this collection, Chasteen and 
her colleagues (B5) report on a theory of change that utilizes an investment of 
resources at the department level. Course reform that will bring about sustain-
able improvements in pedagogy and student learning is achieved in this in-
stance by providing expertise to support faculty in going through a backwards 
design process. In addition to practical lessons learned about the successful 
implementation of this model, the author comments that, while the model suc-
ceeded without addressing the faculty reward system, it would be strengthened 
by alignment of the reward system with investment of faculty time in pedagogic 
reform. The report from Kirkup (B11) provides details of individual interven-
tions at different campuses, and can also be seen as an example of a top-down 
initiative, since the work on which he reports was done while he was a recipient 
of a fellowship from the Australian government. The fellowship program itself 
clearly represents a belief on the part of the leadership that investment in sup-
porting catalysts for change is worthwhile.
Collectively, participants in the 2014 conference presented a rich array of 
case studies of particular approaches to curricular change. The studies that 
focus at this level are gathered in Section C, and more examples are embedded 
in studies for which the focus was on faculty development, or a model for wide-
spread institutional change. Looked at as a whole, they make the critical point 
that a primary interest in deep understanding of the subject is a very strong mo-
tivator for faculty to rethink the content of courses, and in that process they can 
be more easily drawn into rethinking pedagogy as well. While, at first glance, 
this may not seem to address our theme of institutional-level change, in fact we 
really need the kind of grassroots, long-term commitment that arises from love 
of the subject for sustainable change, and it is well to be reminded of that. 
A body of studies (Section D) directly addresses the ways in which faculty 
can be supported as they take on new teaching approaches. Much of this work 
draws on research that may be unfamiliar to STEM faculty—including the im-
portance of pedagogical content knowledge, the intentional development of 
a sense of self-efficacy in both faculty and students, and new approaches to 
assessment of student mastery of content. There is a rich tradition of meth-
ods of faculty development, and the impact of faculty learning communities 
has been known for decades. Nonetheless, the studies presented here suggest 
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increasing use of both learning communities and centers for faculty develop-
ment as explicit tools for organizational change, rather than simply supports 
for individual faculty members. Further, these increases are accompanied by 
enhanced efforts to understand the barriers to change—as they are perceived 
by faculty, which is critical feedback for the construction of models for insti-
tutional change.
Finally, to ask where we are in a trajectory of institutional transformation, 
we must be able to track faculty beliefs and practices as well as student learning. 
The last several years have seen rapid progress in the development of instru-
ments that support quantitative, as well as qualitative, documentation of what 
is actually happening in classrooms. New surveys and observation protocols 
are moving through development and validation (E3). Groups of institutions 
are beginning to ask how they can deal with the challenge of creating large 
enough data sets to see trends while still maintaining institutional ownership of 
data and complying with requirements for protection of personal privacy (E2). 
As particular pedagogic approaches move beyond their innovators to become 
mainstream, we are beginning to see specific studies of how well their effective-
ness travels (E1).
Looking back then over recent advances that support institutional, as well 
as individual, change, we see a growing number of initiatives that deal explicitly 
with larger units than a course or curriculum, a rich array of case studies of par-
ticular approaches to curricular change, the impact of expanding approaches 
to faculty development, and advances in metrics for documenting classroom 
practice. With all these aspects of change studied, how do we create the will 
and the energy for broader change to occur, for wider transformation of STEM 
learning in the next five to 10 years? Will these reforms become mainstream, or 
are they to be interesting sidelines well into the future?
We believe there are opportunities for many of these changes in STEM edu-
cation to propagate, perhaps in a surprisingly short time. In order for this ex-
pansion of efforts to occur, we suggest that change advocates need to take far 
greater advantage of broader forces acting upon our institutions and faculty. To 
begin, we must recognize that our institutions are not static—they are chang-
ing, probably with increasing rapidity, in response to stimuli that affect the op-
portunity to enhance STEM education. 
Perhaps the foremost factor affecting the future of higher education institu-
tions is increasingly constrained finances. Public institutions, particularly, are 
beset by continued declines in state support. At the Association of American 
Colleges and Universities meeting in January 2015, the president of Oregon 
State University quipped that state funding for his public institution decreases 
every year until the next recession—when it decreases dramatically more. Most 
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institutions also face resistance to increasing tuition, as the cost of college and 
higher student debt levels have become national issues.
Declining institutional funding could make it more difficult to adequately 
invest in the refinements necessary to enhance STEM learning, such as: faculty 
time to reconceive their courses/curricula; support for teaching/learning/STEM 
centers; reconfiguration of classroom space to enhance more active learning; 
and the pedagogical development of faculty, instructors and graduate teaching 
assistants. Cost cutting measures may lead institutions to rely to a greater extent 
on part-time instructors to teach lower level courses. Part-time instructors often 
lack the time to learn and work together to enhance their pedagogy. To counter 
these financial trends, those promoting STEM learning improvement will need 
to be armed with cost data for particular reforms. The economic motivation for 
improvement in education is typically framed in terms of benefit to students 
and society, while the financial impact of reform on educational institutions is 
analyzed in terms of the costs of the activities undertaken. Rarely is reform per-
ceived as an investment, with analysis of the immediate positive financial im-
pact of improved student learning on the institution. A body of evidence from 
the National Center for Academic Transformation (2005) shows that individual 
course redesigns can lead to at least equivalent learning at the same or lower 
costs. The National Research Council has recently reviewed criteria of produc-
tivity in higher education (Sullivan, Mackie, Massy & Sinha, 2012). However, 
use of routine accounting practices to capture positive financial impacts for the 
institution of improving instruction is not common. 
The picture is further complicated by constraints in federal research funding 
for universities, which has been flat or less for a number of years. With research 
proposal success rates hovering in the low double digits for many programs, 
faculty spend more time writing proposals—perhaps with less success than pre-
viously. Research funding constraints have a number of potential effects on the 
capacity to transform STEM learning, particularly at more research-oriented 
universities. First, since research funding is the major source of support for 
graduate students in many fields of science and engineering, there will likely be 
less support, and eventually, cuts in the numbers of graduate students. Second, 
witnessing the difficulty experienced by their professors in getting research 
funding, graduate students, or potential graduate students, will opt for more 
sustainable and lucrative fields and not pursue careers as future faculty. On the 
other hand, it may also be possible that constraint on resources for research 
could result in greater attention to teaching as part of an adjustment in the bal-
ance of faculty responsibilities.
Perhaps intuitively at odds with declining university resources is the 
growing pressure to grant more postsecondary degrees. As the share of the 
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population holding postsecondary degrees in other nations is slowly rising and 
eclipsing the respective share of the U.S. population, there is alarm that the 
declining U.S. rank suggests the U.S. workforce will not remain internationally 
competitive. A corollary to granting more degrees with constrained resources 
is the growth in demand for accountability and transparency by states and the 
federal government. Reacting to perceived increases in college costs, govern-
ments are demanding greater success rates by students seeking degrees, shorter 
times to graduation to save students tuition costs, and new measures to track 
post-degree student success, such as whether they get jobs and how much they 
earn in their post-graduation employment. In response to these demands, the 
two major associations for four-year public universities, the Association for 
Public and Land Grant Universities and the American Association of State Col-
leges and Universities, organized a joint Project Degree Completion, in which 
nearly 500 institutions committed to doing their part in reaching the goal of 60 
percent of the working age population holding postsecondary degrees by 2025. 
Those promoting enhanced STEM learning may be missing a major oppor-
tunity to motivate institutional change. It is surprising how the political pres-
sure for more STEM degrees and greater STEM literacy for non-STEM majors 
has been largely disconnected from academically driven efforts to improve in-
struction. The White House Office of Science and Technology Policy attempted 
to create such a link by convening several regional meetings on enhancing de-
gree completion in STEM fields in advance of the second annual White House 
College Opportunity Summit convened in December 2014. At one of those re-
gional sessions, the chancellor of the University of Colorado, Boulder, noted 
how student success translates into additional university revenue. He reasoned 
that, on the margin, every additional student who succeeds in courses and be-
comes an upper classman nets the university additional tuition revenue that 
would probably have been lost. He cited a figure in the millions that he believes 
his institution has netted since enhancing STEM student learning.
Another way that STEM education reform advocates can play off the pres-
sure for accountability is through attention to post-graduate student success. 
As summarized in its powerful opening section—Why Systemic Reform Can 
No Longer Wait—Achieving Systemic Change: A Sourcebook for Advancing and 
Funding Undergraduate STEM Education (Fry, 2014) notes how employment 
is growing faster in both STEM fields and for those graduates with STEM lit-
eracy; and that both jobs for STEM majors and STEM literates pay more than 
other fields. Industry groups are alarmed that there are too few graduates in 
a number of STEM fields and urge attention. The Business Higher Education 
Forum (BHEF) has begun industry-university collaborations across the coun-
try in a growing number of STEM-related fields of particular industrial need to 
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foster undergraduate course re-design, greater student internships, enhanced 
student interest, and a larger number of graduates to feed corporate workforce 
needs. While in the past there had been intense attention to university-industry 
collaborations for research, there is now increased focus on potential partner-
ships for enhancing undergraduate education. BHEF is demonstrating that this 
might be an untapped opportunity of some potential for those interested in 
enhancing STEM learning. 
Connecting to overall degree completion efforts could have another benefit 
to those wishing to enhance STEM learning. Much of the pedagogical trans-
formation to enhance STEM learning (active learning, flipped classrooms, etc.) 
could also enhance learning in other disciplines. Perhaps a larger faculty cohort 
from a broader disciplinary set would have greater success in pressing for insti-
tutional instructional/learning change, and justifying appropriate investments 
and faculty incentives in return for a higher success rate by students. Indeed, 
such wider scale pedagogical change might be pulled along by students de-
manding better instruction overall as they begin to experience better teaching 
methods in some classes, or their peers share their better experiences. Existing 
STEM change literature only hints at how STEM transformation might benefit 
from this broader degree completion push.
One of the strongest drivers of pedagogical change is the rapid change in 
technology. The STEM change literature reflects this with its incorporation of 
technology into flipped classrooms and student response systems. But while 
some have called technology the great disruptor to higher education, how much 
further change in STEM pedagogy it will prompt is unclear. Will the rise of 
technology diminish the education dominance of our present brick and mortar 
university system? Use of technology in education is ubiquitous and has already 
changed learning dramatically. For example, new pedagogies, new start-ups 
and major corporations make online courses available to millions of people—
for degrees or personal interest. Hybrid courses blend traditional face-to-face 
instruction with significant online components. Campuses create new facilities 
(exploratoriums, labs, gymnasiums) for personal learning. Finally, students now 
arrive at college with technology-rich and totally different learning styles and 
expectations than their peers of just a few years ago. The STEM education litera-
ture reflects this rise of technology, mostly at the classroom level, but does not 
yet appear to have addressed broader institutional effects, except conjecturally.
Given the centrality of changing faculty culture and incentives in order 
to transform STEM education, the growing attention, leadership and begin-
nings of alignment among disciplinary and scientific societies in improving un-
dergraduate education offers substantial potential. These new activities of the 
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societies include increasing opportunities for interested faculty to find support, 
and unaligned faculty to be stimulated, or perhaps recruited into the improve-
ment movement. While the attention of scientific societies to improving peda-
gogy in their respective disciplines is aimed at their members and not at the 
academic institutions in which they live, it is still a key component of institu-
tional transformation, given the importance of the respect of disciplinary peers 
in faculty culture.
One of the early leaders in education reform has been the American Physi-
cal Society, as described in History of APS in Education (Popkin, 2012), with 
a key example of their being an early significant promoter of the learning as-
sistants program initiated at the University of Colorado, Boulder, and spread-
ing the program to some three dozen institutions. Now, the APS is far from 
alone, as many key efforts have been undertaken in recent years by other faculty 
membership organizations. Achieving Systemic Change (Fry, 2012) contains a 
particularly good description with links to national efforts, including Vision 
and Change in Undergraduate Biology Education; SPIN-UP (physics); SCALE-
UP (physics, now across disciplines); Project Kaleidoscope faculty summer 
institutes across disciplines; and CIRTL (graduate education). There is now 
a nascent attempt by some two dozen scientific societies—the Integration of 
Strategies that Support Undergraduate Education in STEM (ISSUES) group—
to be more intentional and synergistic in improving pedagogy. They have met to 
review how faculty workshops can improve teaching across the disciplines (As-
sociation of American Physics Teachers, 2012). They plan to share information 
so as to provide links among attendees from the same campus to enable them to 
support one another and perhaps become the core of a learning community on 
their campus or in their region.
In response to the third recommendation of the PCAST report (2012) 
on undergraduate education, Engage to Excel, there is a very significant effort 
growing across major mathematics societies. In Transforming Post-Secondary 
Education in Mathematics (TPSEmath, n.d.), a group of distinguished math-
ematicians are sounding the alarm and encouraging colleagues to sign on to 
change both introductory mathematics for all, and mathematics curricula for 
majors. In what appears to be a major implementing effort in the works (Math-
ematical Association of America, n.d.), Common Vision is seeking to transform 
the first two years of introductory mathematics, bringing in other major math-
ematics societies, including two of the leaders of TPSE. 
In its workshops and meetings focused on developing precepts and col-
laborative actions for education improvement, the Carnegie Foundation for the 
Advancement of Teaching routinely reminds attendees that, “Every system is 
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perfectly designed to give the results that it does.”1 Thus, in order to change the 
results (enhance STEM learning) we have to change the system. We must ad-
dress the relationships and connections among components of the system, that 
is, transform our institutions.
With creative leadership and effort, we believe there could be a sufficient 
confluence of forces to change our system of education and prompt signifi-
cant adoption of better STEM learning practices. As described throughout this 
book, with faculty and students at the center of our system, there has been sig-
nificant growth in knowledge of effective classroom practices; development of a 
range of models both in pedagogy and broader departmental change; creation 
of frameworks to guide institutional change; enhanced understanding of more 
effective faculty training and professional development. We have noted here 
the activity of disciplinary societies in providing platforms for faculty to share 
their knowledge; presidents and their associations (AAU and APLU) beginning 
to incorporate improvements in STEM learning as part of their agendas; and 
growth in accountability pressures and an increase in broader external stimuli 
to the system. 
To transform our institutions to achieve their potential in providing the 
best STEM learning for all students, we will need to significantly connect and 
integrate activities that are occurring at different places in the overall system of 
education and STEM learning. Those working at the faculty or classroom levels 
need to be mindful of what is happening in the broader system to enhance their 
opportunities to grow and sustain the changes that they are bringing about. 
Leaders working at the overall system level might recognize that all change is 
local—class by class, faculty member by faculty member. So the challenge of 
those leading universities, or working with associations (such as AAU or APS), 
or across associations (TPSE) at the broader system levels is how to empower 
those creating and studying change locally, and how to integrate their many 
efforts to create a more significant synergy—a momentum for transformation. 
How do system leaders identify and energize “mid-system” champions, such as 
distinguished faculty members and department chairs, to enable and promote 
the efforts of those working at the classroom or program level, and perhaps 
grow their efforts one step larger? 
Our growth in understanding each component of the system augurs well 
for increasing take-up of improved education practices, and enhanced STEM 
1. This statement circulates widely in oral form and in public presentations among leaders of 
organizational change. It is often attributed to either Tom Northup or Peter Senge, but their ear-
liest recorded use of it is in the mid-’90s. The community working on health care improvement 
attributes it to Paul Batalden, MD, who was quoted as saying it in the late ’80s. It appears on his 
website at http://www.dartmouth.edu/~cecs/hcild/hcild.html. 
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learning. But we need to make a much stronger effort to connect activities 
across different places in the system. Individuals empowered to work across the 
system—from institution and association heads to department chairs to faculty 
members—can all increase their focus on building connections. In this way, we 
can imagine creating a new normal of transformed institutions.
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Good evening! Thank you very much, from the heart. I appreciate it, I really do. 
I am delighted to be here. I took the time to ask colleagues on my campus about 
UMBC students who have gone on to graduate school at Purdue and how they 
are doing. I’ve gotten some great messages from people. You’ll appreciate that 
our former students are enjoying their experience here. 
It’s always a challenge to speak after somebody says you gave another speech 
that was reasonably received because then people say, “Okay, what’s he going to 
do this time?” I want to do a combination of things. One is to talk about some 
of the research that we’re doing on our campus that focuses on transforma-
tion. We’ve taken a lot of time to think about this notion of culture change on 
campuses from a variety of perspectives, from thinking about issues of race, 
gender, and income across STEM areas, as well as undergrad, grad, and faculty 
levels. But we’ve also taken the time to think about something else, and I was 
reminded of it earlier today when a speaker talked about the importance of 
speaking from the heart. I think sometimes when we talk about STEM, we may 
do the analysis, but we don’t take the time to talk about the inspiration that we 
need, the passion that is required to inspire people to want to do science, to 
understand why somebody might be willing to wait for years before knowing 
whether or not things are going to work out. Why would somebody wait until 
she was 40 before knowing if she’d ever get an NIH R01 grant? What could pos-
sibly have someone waiting that long? It shouldn’t take that long, of course, but 
there are reasons for that.
502 kEynoTE ADDrESS
I begin in a way that often surprises people when talking about success in 
science and institutional culture: I begin with literature. It was Zora Neale Hur-
ston, one of my mother’s favorites, who wrote a book entitled Their Eyes Were 
Watching God. The book begins, “Ships at a distance have every man’s wish on 
board. For some they come in with the tide, for others they sail forever on the 
horizon, never out of sight, never landing, until the watcher turns his head away 
in resignation, his dreams mocked to death by time. That is the life of men.” My 
mother would say, “And women.” 
The point Hurston sought to make in the ’20s and the ’30s, during the Har-
lem Renaissance, was that you had these two groups of people, people whose 
dreams would be—for whatever reasons—fulfilled, and then you had people 
whose dreams were, in the words of Langston Hughes, “forever deferred.” My 
mother’s point was this: The difference between those two groups, essentially, 
was often education. The people who could get some kind of education, who 
had those values and skills, would be able to get a job, to see some dreams real-
ized. Those who did not saw their dreams somehow deferred.
Why do I bring that up? Because when you think about why you’re here, 
when you think about transforming institutions, when you think about the suc-
cess of students in general and then success in STEM, you really are talking 
about people who come to college to see dreams fulfilled. They want to be doc-
tors; they want to be engineers; they want to do something in science or tech-
nology, engineering or mathematics. 
I grew up loving mathematics. I have always proudly loved mathematics. I 
grew up in a home where people did math all of the time. We read and we did 
math. Why? Well, my mother was an English teacher, but later on, there was a 
curricular innovation called the New Math. My mother was brave enough to get 
training in the New Math, despite the fear surrounding it on the part of many 
teachers. As many of you know, if you are old enough to remember the New Math, 
there was a disconnect between the higher ed community and the K–12 commu-
nity. Members of the higher education community went in to fix the problem of 
K–12 mathematics education. We were going to tell K–12 what they needed to 
do. Quite frankly, the approach we used, in my opinion—from reading about it 
and from listening to my mother—too often reflected a sense of arrogance on the 
part of the higher ed community. We thought we had the answers. But we did not 
understand that we really didn’t know children. Teachers know children. We did 
not understand the fear that people sometimes have of math and science. And as 
a result, there were problems as the New Math was rolled out. 
But my mother decided to be brave, as an English teacher, and go back 
and learn the New Math. The reason she was successful, and my dad wanted 
to be supportive of her—he always liked math—was that she loved language. 
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What she came to understand, what all of you will understand whether you’re 
in engineering, science, math, was that there is a connection between language 
skills and word problems. The better one can read and think, whether it’s for 
chemistry or physics or engineering, the more clearly one can understand what 
the problem is at least asking. And you begin to see relationships among words. 
You begin to understand how you use symbols, develop equations, and begin 
to solve the problems. And so mother could use her language skills in helping 
people begin to understand, and she became this master math teacher, along 
with loving literature. And there I was, the guinea pig. She tried out the New 
Math problems she was working on with me. I loved it.
We all are the product of our childhood experiences. Working with my 
mother on math problems as she worked on the New Math was important to 
me. So was my sudden participation in an even bigger change. In 1963, the 
Civil Rights Movement came to Birmingham, Alabama, my hometown. And 
one evening, I was sitting in the back of church not wanting to be there, and I 
hear this man say, “And if the children participate in this peaceful protest, all of 
America will understand. Even our children know the difference between right 
and wrong. They will show that they want a better education, and will get a 
chance to go to the better schools.” I looked up from what I was doing. I had not 
wanted to be there, but my parents had placated me by letting me do my math 
problems in the back of the church and doing the other thing I really loved to 
do—eat. I loved to eat, so I was getting fatter and smarter all the time. So I’m 
eating my M&Ms with the peanuts—the good kind—and doing my math, and 
I look up as I’m chewing and say, “Who is this man?” And what was his name? 
Dr. Martin Luther King, Jr. 
When I get home, I say, “I’ve got to go. He said we can make a difference.” 
Why do I want to go? Because I’m tired of these damn books. We get the books 
that the white kids discard. Those are the books they give to the colored chil-
dren. And I know it because I peel back [the covering] and I see that they’re old 
raggedy books. And there’s this sense that we are less than the white students. 
So I want to be at the school where you get the better books and everything. 
I want to see if these white kids are smarter than I am because I think I’m as 
smart as anybody else—because, to me, smart means you work hard, smart 
means you are excited about the ideas, smart means you don’t stop until you 
solve the problem. And I get home and my parents say, “Absolutely not. You 
cannot go.” And I say to them, “You guys are hypocrites. You make me go and 
listen to the guy. You tell me to do what he says. He says, ‘go and march,’ and 
now you say I can’t go.” 
Now, at that time, you did not tell your parents they were hypocrites. Just as 
faculty may not tell administrators that they’re hypocrites, right? Depending on 
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the campus, of course. As it turns out, the next day they told me they didn’t want 
to let me go because they didn’t trust the people at the jail if I were arrested. But 
they did let me go. I did join the Children’s March. I did go to jail for five nights. 
It was a horrible experience, but it was also a rich learning experience. It was 
horrible because the adults were terrible to the children, but it was rich because 
it taught me the significance of citizenship. It taught me what Thoreau meant by 
“civil disobedience.” Most important, it taught me about change. It taught me 
about transformation. Because what Dr. King was saying was exactly what we 
are saying here today—that the world of tomorrow does not have to be the same 
as the world of today, that we can look in the mirror and know what’s good and 
what’s not and think about the gap between the two, and talk about the differ-
ence between them. 
This was my childhood experience. Coming out of Birmingham, Dr. King 
led the March on Washington that fall. And then important legislation followed 
in 1964 and 1965: Civil Rights, Voting Rights, the Elementary and Secondary 
Education Act, and the Higher Education Act. And the world changed dramati-
cally. If it had not, I would not be standing here. I would not be president of a 
university with students from more than 100 countries. My university could not 
have admitted Black students. We would not be here, as men and women, so 
many in higher education today. That’s how different the world is. 
And the first point I would make is this: that often some of the most dra-
matic transformations occur in such a way that we don’t even take the time to 
reflect and appreciate just how significantly different our lives are as a result of 
whatever the transformation has been. 
Let me make my point. What percent of Americans at age 25 in the mid-
’60s had a college degree? What would you think? What percent? [Audience 
responses: 25%, 10%, 10%, 42%] Anybody else? [20%] It was only 10 percent. 
Ten percent of Americans in 1964–65 had a college degree. Ten percent. What 
percent of whites? It was 11 percent. What percent of Blacks? Two percent, not 
quite three. And we had not started counting the other groups separately. Today, 
what percent have a college degree? I can tell this is a risk-averse group. Now 
you cannot talk about transformation if you’re risk averse. You’ve got the second 
principle? If you’re going to talk about transformation, you have to be willing to 
take risks! Am I right? You have to be willing to be wrong. If there’s one thing 
about my campus, people are willing to take risks. Why? Because we are willing 
for people to fail, because we understand that on a campus that makes progress, 
we often learn more from the failure than we do from the success. It’s when you 
fail and then take the time to understand what went wrong that you learn. You 
bounce back; you don’t punish people. You say, “What didn’t work?” and you 
go from there. 
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So, again, what percent today? We just got to 30 percent. What percent of 
whites? About 37 percent. What percent of Blacks? Not quite 20 percent, 19 per-
cent. What’s the fastest growing group? [Audience response: Hispanics] What 
percent? We’re up to almost 15 percent. What percent of Asian-Americans? I 
heard an 80, I usually get a 90 from somebody. It is 55 percent. And [the per-
centage of] Native Americans is much lower than Hispanics. You put it all to-
gether, this is the point—two thirds of Americans today over [age] 25 do not 
have bachelor’s degrees. Two thirds. Two thirds do not. In fact, think of it this 
way: We’re saying that 70% of whites, 80% of Blacks, 85% of Hispanics, and a 
high percentage of Native Americans don’t have bachelor’s degrees. And while 
we can say that 55% of Asian Americans have college degrees, there are certain 
groups of Asian Americans that are really poorly educated, depending on the 
group. 
The next point about transformation, in terms of talking about different 
groups, is that we must engage in data analysis and be specific—that you cannot 
generalize about Hispanics, you cannot generalize about women, you cannot 
generalize about Blacks, about any group, that there are subgroups within any 
population, whether it’s the Asian American population, the Black population, 
the Hispanic—it depends on the group. That we can say for a number of people 
with parents from other countries—again, though, depending on the group—
that people may be doing better academically, depending on the group. And 
that there is this need when talking about transformation, when talking about 
student success, to look at everything, from test scores to academic preparation 
to the particular department or major of the students. All of this is very impor-
tant, right? But what is my point? That we’ve come a long way from 10% to 30%. 
Now when I say to my friends of any race—white, Black, Asian or what-
ever—that so few people have a bachelor’s degree, what’s the first response? 
“Oh, that couldn’t be true, Freeman. Most of my friends—all of my friends—
have a college degree.” I get that from all of my friends. Why? Because lawyers 
are around lawyers, professors are around professors, and doctors are around 
doctors. And plumbers, who make more money than any of you, are around 
plumbers. [Laughs] Eat your hearts out! So it just depends on what your pro-
fession is, right? And the other part that’s really significant is that literally 50% 
of the Americans who began college—50 million Americans—never graduated 
with a bachelor’s degree. Think about it. Imagine if hospitals said that half the 
people who came to them were not successful. Think about the metaphor. 
And so what am I saying? I’m saying that before we even get to STEM, we 
need to just talk about success in general. You can’t get to STEM before you talk 
broadly about the issue of student success. Just as when people talk to me about 
minority students, I say don’t start with minority students, don’t start with 
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women, don’t start with students who are low income. Start with all students. 
Because here is the point I would make to you with certainty after being an 
undergrad at Hampton, going to grad school at Illinois, and working for more 
than 40 years: If you show me a campus that has focused carefully on the aca-
demic performance and the social well-being of students in general, I will show 
you a campus that has looked with care at every group. If they’ve really looked at 
the culture for students—not just for one group, but for students, if they’ve said 
we care about our students, then they’re going to look at every group with care. 
The challenge that we face is that we tend to be accustomed to having cultures 
that were shaped decades and decades ago. And if a student is extraordinarily 
advantaged, for example—and we know the demographics of that population 
(in technology or engineering, they’re men)—that particular student is far bet-
ter off than students who are either from low-income backgrounds or are of 
color. We know that. All of the students who’ve gone on to college—this is just 
historical perspective—there was the 1965 Higher Education Act that made the 
difference. 
I was speaking and talking about this to the Georgia Association of School 
Boards some years ago, and I’ll never forget, the CEO of a major company in 
Georgia—wonderful gentleman—said, “Freeman, may I interrupt you for a 
minute? Because some of the people in the room seem bothered or uncomfort-
able with your talking about Civil Rights. Because sometimes we tend to think 
that when you talk about Civil Rights, you’re talking about Blacks and women.” 
And then he said, “When you look at me, you know I’m white. You look at me, 
you can tell I’m well-heeled.” Everybody laughed. “Yeah, I’m rich. I’m a CEO. 
I’m the chairman of the school board in a very wealthy district. So you assume 
I come from money. Nothing could be further from the truth. My daddy died 
when I was young. My mother had to be a sharecropper.” He said, “My mother 
saw the little Negro children in the ’60s, after that Higher Education Act, after 
financial aid became available for poor people, she saw the little Negro children 
getting a chance to go to college, and she said, ‘Where are they going?’ And she 
found out they were going to college and she said, ‘I want that for my children.’ 
And because she saw what Dr. King and the Civil Rights Act had done for those 
children and that any American family could take advantage, she sent us. We 
got somebody to help us fill out the forms. I went to college and then I helped 
my younger sister go to college, and because we went to college and we got 
jobs, we could move our mother out of sharecropping. And because we were 
white, we could move on ahead of those Negro children. They did OK. They 
became teachers, but I became the CEO. So we may not want to admit it, but 
we white folks have profited a whole lot from the Civil Rights movement.” And 
then he said what I’m going to tell you all here. He said, “Give the Civil Rights 
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movement a big round of applause.” Let me ask you all to do that right now, 
would you please? [Sound of applause] We all have profited, if you weren’t rich, 
because this is one of those drivers of transformation that changed the world 
for anybody who did not come from wealth, in the same way that the Social 
Security Act did in 1935. 
Talk about transformation. Do you know that many in this country called 
FDR “a traitor to his class?” Because he came up with this notion of a way of 
helping poor old people to have some basic benefits in the ’30s, because wealthy 
people said, if you’re poor and you’re old, you work, because there were no re-
tirement benefits for people. They just said, “That’s your problem.” That’s what 
wealthy people said. And FDR disagreed with his class. But now I have one 
question that makes my point about change and transformation that I want you 
to think about. What group of Americans, well-respected Americans, fought 
President Roosevelt when he proposed the GI Bill, which was designed to sup-
port veterans going to college? What group of highly-respected Americans, in 
the early ’40s, around 1943? I’ll give you a hint. [Audience response: university 
presidents]. University presidents, starting with the president of the University 
of Chicago, to the president of Harvard University. They said, “If you let these 
veterans into our colleges, our institutions will become ‘academic hobo jun-
gles.’” And these were wonderfully educated, liberally educated men, good men. 
Don’t miss my point. I am not being disparaging; I am simply telling you the 
truth. We must tell the truth in innovation; we cannot sweep the truth under 
the rug. We must tell the truth in order not to repeat history. What am I saying? 
I am saying that sometimes even our most educated people can want to keep 
things as they are because it’s the way it’s always been. And their view of the 
world was that college was for people of advantage. And they felt that’s the way 
it should be. They said it would be really tragic for institutions to let the veterans 
in, and yet within several years, millions of veterans—hard-working people, 
mainly men, mainly white, but some women and some Blacks—went into those 
colleges, showed what hard work could do, and all of America realized regular 
people could get a college degree. That set the context for the ’60s. 
Why do I tell that story? Because it has a lesson for us today. We are living 
in a world in which more people than ever—we’ve seen an increase from 10% to 
30%—have earned a bachelor’s degree. Now we get to science, and here’s what I 
want you to hear. I chaired the National Academies’ study on underrepresenta-
tion in STEM. It did not surprise us to find that only 20% of Blacks, Hispanics, 
Native Americans, and some [subgroups] of Asian Americans, those in under-
educated groups, that underrepresented minorities who started in science and 
engineering were not completing STEM degrees. But people were shocked by 
the percentage of whites and Asian Americans who started with a major in 
508 kEynoTE ADDrESS
STEM, but did not graduate in those fields. Now here is my question: What per-
cent of whites do you think, who started with a major in these areas, graduated 
in these areas? [Audience responses: 15%, 20%, 40%.] It’s 31%. Now, the first 
response is usually, well, they didn’t have a K–12 background. And here, if you 
look at the data, you’ll be shocked at the percentage of those with perfect scores 
and 5s on AP exams. And this is the part that’s interesting: Often, the higher the 
test scores, the more prestigious the university, the greater the probability that 
they start in science and they leave it within the first year or two. Some might 
say, “Oh, it’s because of the money.” No. If you go and look, what you’ll see is 
this: They will tend to get a C. They’ll go home and say, “I like something else.” 
Because if you get a C in chemistry and A’s in everything else, you’re not going 
to go home saying, “I bombed out.” You’re just going to go home and say, “I love 
. . . [what you got the A’s in].” I said this before, and my joke often is: People go to 
these wonderful places, but they just don’t make it in science, particularly if they 
were reared in this country. Let’s just be honest about it. Of any race. Because, of 
Asian Americans, it’s only 41%. 
And here is the point. I tend to say it, and I’m saying it jokingly, but I’m 
halfway serious. They start off in pre-med and they become great lawyers. All 
of you know people like that. They go to law school, because they read well, and 
they’ve got to do something, they want a profession, right? I said this at one of 
the most prestigious national agencies and the top lawyer there came to me and 
said afterwards, “You just told my story. I had perfect test scores. I had all 5s. I 
went to one of the best universities. I started off in pre-med, and here I am now, 
general counsel. You just told my story.” I was speaking to the university presi-
dents of one of the Midwestern states, and one of them said to me, “You just told 
my story. I started off in Double E (for the engineers in the room); I ended up in 
Single E.” You get that one? From electrical [engineering] to English. She said, 
“I’m a great literary scholar, I love it. But I wanted to be and I was good!” We 
know what we call STEM first year courses. We call them “weed-out” courses. 
We know that. 
And we are all working now on this issue, in different ways. On my campus, 
we are working to redesign courses. And we should be. At UMBC, we have the 
Chemistry Discovery Center, and we’ve got the Center for Active Learning. We 
all are doing these kinds of things. Congratulations to all of us. What we now 
have to do is look at the analytics. And we have to do it; we have to disaggregate 
the data. This is where we all should be at this point: looking at what difference 
we are making. The good news is that, in the most enlightened places, we all 
know students are bored in regular lectures, which I’ve said many times. It’s an 
amazing lecturer who can go on for an hour and people are still fascinated. You 
see why I keep asking you questions. Did you notice that? I just recently asked 
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the head of brain sciences at one of the major medical centers, “Is it really true 
that people can only concentrate for 20 minutes?” He said, “Freeman, we tell 
people that, but they really can’t even concentrate that long!” [Laughs] But the 
point that I want to make, that I want you to think about is this. For UMBC, 
very quickly, we worked on starting with the Meyerhoff Program, which some 
of you have looked at. It involved the minority kids—the Black students first 
and then Hispanic students—and it worked so well that my white students said, 
“We want what they’re getting.” How often do white kids say they want what the 
Black kids are getting, right? I say this humorously, but am I telling the truth? 
When do your best white students ever say, “Oh my God! Look at how well 
they’re doing.” The success of the Meyerhoff program has to do with developing 
a sense of community among students, of inclusiveness, of teaching them a set 
of values that say, if you’ve got five students working together and four get A’s 
and one gets a C, they all feel bad. Getting away from the cutthroat approach. 
We still teach students to be cutthroat in science, let’s admit it. We still grade 
on the curve. If you grade on a curve, you’re teaching students that you don’t 
want them to work together. [Students think to themselves,] “I’m not going to 
tell you what I know, because I don’t trust you, because if I tell you what I know 
and you’re really worried about your grade, you’re not going to tell me every-
thing you know.” So then, you’re not teaching trust. And yet, when you go to 
companies, you see that they’re working on projects together in groups. And so 
we’ve been able to work with employers from defense agencies to biotech com-
panies to develop partnerships that help our students as well as the employers. 
We have over 100 companies on campus, biotech and IT companies; 25% of our 
CEOs are women, give us a big hand for that, please. [Applause] All right. And 
the notion is that our Meyerhoff Scholars Program, or our Center for Women 
in Technology, or the work that we’re doing for the Sherman Scholars in getting 
more science and math majors to work in challenging schools where we have 
low-income kids, all include building community and encouraging group work. 
So whether we’re talking about working with low-income kids of color or girls 
in technology, or having people thinking about the difficult, sticky questions 
of how to have more teachers, especially at the middle-school level, who know 
math, or of how we have more students succeeding in the first two years of sci-
ence, the practice of group work is essential. 
I’ll give you one more practice that I think you should all look at if you 
haven’t: I would not define earning a C in the first year of science as a success 
for any student of any race. Because if you do the analytics, what we have seen is 
that the probability of a student who earns a C in the first level of science actu-
ally going on to get a degree and finishing with a B average is very low. Go and 
look at the data on your own campuses. And yet all of our catalogs say, “If you 
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get a D, you retake the course. If you get a C, you keep going.” But the students 
who get Cs, they’re struggling the whole time. And if they do graduate, they’re 
going, “Whew! I made it.” It’s a real struggle, so we actually talk about success 
being at least a B in the first year work for students of any race. It’s a high bar, but 
that is how we define success. It is a different game when you go to that level, but 
it means constantly working to supplement the academic and social experience 
in different ways. It means looking at the level of background students need in 
order to succeed. It doesn’t mean that test scores have to be exactly the same. It 
means understanding what the gap can be and still expect that you can get it to a 
certain level. It means looking at what you do at the undergrad level in relation 
to what you do at the grad level. 
Kelly Mack is here from the American Association of Colleges and Univer-
sities. Kelly had [an article] in the most recent issue of Peer Review, I believe. 
We’re really pleased. Some of my women colleagues from my campus and oth-
ers, including an assistant professor from the University of Puerto Rico who 
is a PhD from my campus in computer science, have written some articles in-
volving Latina women in engineering and science, and one of the articles that 
has been very helpful at the grad and now undergrad levels involves a PhD 
candidate on my campus from Puerto Rico. She had gone to the University of 
Puerto Rico, an undergrad in chemical engineering, and she was doing so well 
in the PhD program, but her family—her husband—didn’t understand why she 
had to work so late at night. Tragically, 10 years ago, he came to campus and 
killed her and then killed himself. This is one of those just unbelievable situa-
tions. Now part of our culture change has been to take that failure [and learn 
from it] because we all felt we didn’t do enough for her, we didn’t understand 
her cultural context well enough. I was out at the University of Colorado and 
I was talking about this, and some of the Latina engineering and science stu-
dents came up to me to talk afterwards, and I was just so touched by their 
saying, “You told our story, in talking about how our families feel about our 
having to spend time in the evenings in the labs and what that means.” We have 
taken that story and learned so much about what we could do to pull families 
of our students into the work—by holding celebrations at different times, for 
example—so they will better understand what it takes to get a PhD. It’s the same 
thing we do with other students, but there are things we can do to help those 
families out. You know how, with a PhD, you never know when somebody’s 
going to graduate? You’re saying, “I just haven’t gotten results yet,” and the fam-
ily is going, “Uh-huh, right. You just haven’t gotten results.” I often say about 
minorities that it’s harder to get a person through a PhD program than it is to 
get a camel through a needle’s eye. It goes on and on and on. But the response 
has been amazing to what we call the “Jessica Effect”—taking that tragedy and 
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turning it into something that helps the whole cultural perspective change on 
our campus as we think about ways that we can make a difference in the lives, 
not just of Latinas on our campus, but also those who are engineering students, 
who have families, of women who have husbands and others who are worried 
about them being in labs at night, whatever it takes. It’s about how we can bring 
the families into that work—whether they’re Black, Hispanic, white women, 
whatever—that will let the families feel a part of the experience. Again, trans-
forming the campus in a way that takes into account what those students need 
at the grad level, but learning things that can help at the undergrad level, too. 
That’s the point I’m making. 
And so, we are engaged in the work of culture change, whether it’s about our 
Meyerhoff Scholars, supporting the families of graduate students, working with 
the Center for Women in Technology and what we’re working to do to get more 
women into the technology area, working to prepare teachers in science and 
math, finding ways to help women faculty and men faculty understand what 
they can do or help, or white faculty to understand ways in which they are ei-
ther supportive or not of students of color, helping people understanding what 
goes on with students who are first generation or have some disability, or even, 
I’m seeing now when talking about cultural changes, the way in which we can 
be terribly insensitive to veterans. We have had focus groups that have taught 
us how we have been amazingly insensitive to veterans in classrooms and in 
discussions, even in science classes. 
And so I would urge you also to consider this thought: Any environment 
that is innovative is thinking about the analytics needed to specify groups to 
understand more deeply their experiences, to see how they’re doing in the ac-
ademic work, to see how they’re doing through focus groups. Focus groups 
are really important for listening to their voices, to understanding if they feel 
somehow empowered. If you’ve not read the book chapter that my colleagues 
and I wrote, entitled, “Enhancing Representation, Retention, and Achievement 
of Minority Students in Higher Education: A Social Transformation Theory of 
Change”—the key point of the chapter is that the elements that worked not 
just for minority students, I would say for women students and for students in 
general, are those that develop empowering settings for student achievement, a 
larger institutional change process, multiple dimensions of organizational de-
velopment change, transformation in organizational culture, assessment and 
evaluation, and then a change strategy that involves both implementation and 
sustainability. And it really does incorporate all that we’ve been doing for the 
past 20 years, so you can go and look at that. 
But I want to leave you with just something that’s from the heart, and it would 
be this: We are all here to help every student to dream about the possibilities. 
512 kEynoTE ADDrESS
When I was a student at Illinois, I would sit in classes as the only Black student, 
and I would think to myself, I wonder what the future holds? Will the day ever 
come when I won’t have to be the only one sitting in a math class and look-
ing around and seeing just white guys? I didn’t see any women—there was one 
woman faculty member and she was not tenured. That was it. And so when 
I got a chance to be PI on our ADVANCE grant and I realized that we only 
had 12% women faculty—and here this is just 10 years ago—I said, “Wow!” I 
didn’t even realize it. All the guys were saying we had so many more. But those 
women faculty were not tenured; they were not tenure-track. Institutional cul-
ture change. You get my point? And the women said to me, “Freeman, use your 
guiding principle. Don’t use anecdotes. You see a lot of women over there, right? 
Are they in positions of power?” And when we did the analysis, it was 12%. 
And what we did, it was the same thing we had done with students. I would 
argue that you cannot separate these things. As we talk about student success 
at the undergrad level, we have to see how does that relate to what we do at the 
grad level, how are we doing with faculty, how are we doing with staff, how are 
we treating each of these groups? And how do we make it into some kind of 
ecosystem so we understand the kind of respect we give to those groups? How 
do we discuss them in a way that makes them related to each other? And most 
important, do we take the time to listen to the voices? 
I remember thinking back 40 years ago to that grad student experience, to 
my experience in the Civil Rights Movement, and I just kept thinking, “Will 
this ever change?” And somehow, all of a sudden, I thought back to being in 
jail. And I remembered Dr. King coming with our parents to the jailhouse. And 
I was trying to keep the little kids from crying. It was awful. It was just so awful. 
And he said to the children, “What you do this day will have an impact on 
children who have not yet been born.” And at the time, we did not understand 
the profundity of his words. And yet, I knew they were significant. And as I sat 
in those classrooms at Illinois, I kept thinking—somehow, something’s going 
to happen. And even today, it’s so clear to me, colleagues, that as difficult as 
things are, as much as I know that we have so far to go with poor children in 
our country, as much as I know for poor children—white, Black, Hispanic—I 
can’t help but think that when we talk and focus on transformation, that the 
very activity here today should give us all hope. Because what we’re saying is, 
“Not good enough! Not good enough.” We cannot be satisfied that the brightest 
kids, the highest-achieving kids, the most advantaged kids are doing well. We 
know on my campus and on your campus, we can be much better. The language 
that we use says, “Success is never final.” And so when you ask me what’s the 
practice that makes the difference? It is the notion that we can be much better 
than we are. This is the idea. You are from some of the finest campuses. I would 
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challenge you to produce leaders from every race, men and women, in STEM 
areas, because it is in these areas that we will solve the problems of tomorrow. 
At the end of my mother’s life, and I tell this over and over again, she said 
to me, “I know the end is near.” And you never want to hear that. But it is the 
human experience that counts finally, not the PhD. And I said, “What’s impor-
tant to you?” She had developed dementia, but she knew I was close, and I’m an 
only child. And she said, “What’s important? Relationships.” And I was trying 
so hard not to cry, and she looked and me and said what she always said: “Just 
hold on to your faith, you’ll be OK. Just hold on to your faith.” She said, “Rela-
tionships. My relationship with my God.” Then she said, “My relationship with 
my husband.” She had forgotten my father had died twenty years before. But 
you never, you never, you just . . . OK. Then what she said shocked me [because] 
I’m an only child. She said, “You know, I have a son.” And all of a sudden, all of 
my grief turned to anger. I’m thinking she’s telling me she had a kid when she 
was a teenager. I am very angry. I’m thinking, TMI, as my students would say. 
Too much information. If I have not had a brother to this point, I do not want a 
brother now. Do not drop this bomb in my lap and die, no. And she says, “He’s 
a college president.” Thank God, she was talking about me. And then she gave 
me the gift that I give to you. This is the most powerful of all when I think about 
transformations. She said, “But you know, I understand that teachers touch 
eternity through their students.” Teachers touch eternity through their students. 
Whatever I had to give, my sense of right and wrong, my lust for learning, my 
belief in [my students], my sense that they were important, I gave it to them, 
and I will live through them. And there’s the point in all of this—that you are 
here to transform institutions because institutions are to teach people that they 
can do anything if they just dream it and work it and give it all they have. That’s 
all we have to give: our sense of self and our belief in our students. 
Watch your thoughts; they become your words. Watch your words; they 
become your actions. Watch your actions; they become your habits. Watch your 
habits; they become your character. Watch your character; it becomes your des-
tiny. Dreams and values. 
Thank you, all.
